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to gluten fled is not of good quality and 
Sffi" dutcn feed Aould «« to 
£ ffinS protein 

or poultry. Gluten feed Is not quite *> 
palM* com, «fv>r ^-J*"** 
should therefore usually be touted *i» 
such welUiked feeds. . 

Th, amount of P^P^J^ 
rfuten feed vrfll depend on whether or 
£ ihYwm solubles have been included 

0 BO r>er cent, but it wll be considerably 
fi P «thTcorn solubles «e not pre^t 
Because of the lime used in neutral.ang 
STcTm solubles, gluten feed usu^y 
SiZ more cabfcSn *•* com or the 

0thW cC'feed m*de from yellow corn. 
M j* usually the owe. has a consider- 
AfcrE vitamin A vatu* then does 

fidiffl show the Wnd of corn used. 

Sometimes molasses is added to com 
gluW nTeed «, form com gU, 

tan feed. 

«1. Gluten feed for dairy 
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Gluten teeo t* { ^ m0 st com- 

ale mixture consisting only of wrt ffw 
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eoncctrtrate mtxture having much more 
variety" In another New York Wd, 
when gbten feed formed one-half toe 
concentrate mixture for dairy cows, the 
results were just a* satiety m 
a smaller proportion fed." C^y 
to statements sometimes made* mere is 
no scientific evidence thrt a large pro- 
portion of gluten feed increases mastitis 
in dairy cow*. , , 

lo en Indiana experiment gluten 
feed waft as satisfactory as Unseed meal 
when fed as the only protein supplement 
to a ration of ©round com. corn silage, 
and leeume hay." Because of the lower 

necessary to use a larger proportion to 
balance the ration than in the of 
linseed meal. 

7ia Gluten feed for other stock-— 
Gluten feed is a fairly ******* P£ 
rtin supplement for beef <*«M*£' 
or horalT However, it has been inEm 
to linked meal or cottonseed nrf » 
the Few experiments conducted I with fat- 
tening catfle or fattening lambsJ 
Socasionally. gluten had * 
in price than corn grain. It may then be 
use* as a puttal or even a complete 
S&tute roTcorn for fattening km* 
or battle Thus fed to fattening lambs, 

S much as com oer too in Iowa tnaU£ 
Gluten feed is not oomwionly f ed to 
twine, as « to worth more for feeding to 
cattle- Because of the poor quahty of 
protein in gluten feed, it is not satis ac- 
Ery as the chief proton supplement in 
swSie rations, even for oto on 
Gluten feed is rather bulky for swine, 
and it Is not very palatable to thorn, aw 
though they wfll readily eat ft mixtur^ 
<*AtaW 10 to 15 per cent gruton feed. 
In general gluten feed is not an eco- 
nomical addition to rations for swine 
unless the price pet ton is less than that 
of com or other grain. 85 

Gluten feed is not usually fed to 
poultry, but- it can satisfactorily form 
about 10 per cent of fne ration., replac- 
ing part of the other protein supple- 
ments* w . 

713 Com gluten tneaL— *Corn glu- 
ten meal, commonly called "gluten 
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mea V consists chiefly of the com gfuten 
separated ia die wet<nlflmg procen of 
starch manufacture, with practically none 
of the hull fragments- It may or may not 
Include com solubles and may occa- 
sionally contain some corn ofl meal. 

Gluten meal usually has more than 
40 per cent protein, averaging 43*2 per 
cent. It has only fi.3 per cent tat, on the 
average, and ii low in fiber. Gluten meal 
supplies nearly os much digestible pro- 
tein as soybean oil meal, but the protein 
is not of high quality. Therefore gluten 
meal should not he used as the chief 
protein supplement for swine or poul- 
try, but should be used with feed* which 
malfe good the deficiencies of com pro- 
tein. 

Gluten meal is a heavy, concen- 
trated feed and is higher than soybean 
oil meal in percentage of total digestible 
nutrients, averaging 79.7 per cent. When 
made chiefly from yellow com, as is gen- 
erally the case, gluten meal is even 
higher than gluten feed in vitamin A 
value, but it is much lower in calcium 
and phosphorus. Gluten meal is also very 
low in riboflavin. 

714. Gluten meal for dairy cattle. 
—Gluten meal is mostly fed to dairy ent- 
ile and te a very satisfactory protein 
supplement for them, when fed in proper 
combination. Since it is much heavier 
than gluten feed, It is usually combined 
with bulkier feeds. 

715. Gluten meal for beef cattle, 
sheep, horses, and swlne.-^Cluten meal 
is fed to beef cattle much less frequently 
than to dairy cows. For fattening cattle 
it gives fairly satisfactory results when 
fed os the only protein supplement, if tho 
ration contains a reasonable, amount of 
legume hay. Kansas experiments show 
that for fattening calves, the best results 
are secured from gluten meal when it is 
combined with Unseed meal or certain 
other supplements « However, a mixture 
of one-half gluten meal and one-half cot- 
tonseed meal was not much better than 

fluten meal fed as the only supplement 
robably a combination of gluten meal 
and soybean oil meal would give good 
results, because soybean oil meal has 
protein of excellent quality. 



In 4 New York experiments oom 
gluten meal produced slightly less rapid 
gains than Unseed meal, soybean oil 
meal, or ground soybeans* when each 
of these feeds was used as the only sup- 
plement for fattening yearling cattle full- 
red com grain, com silage, and mixed 
hay.w Also,' the celling pice of the cattle 
fed gluten meal was a Kttle lower, be- 
cause they were not quite so well fin- 
ished. In these trials the actual value of 
corn ghiten meal was decidedly below 
that of the other supplements. 

On the other hand, for wintering 
beef calves or yearlings in Kansas ex- 
periments, gluten meal we* fully equal 
to cottonseed meal, b'nseed meal, or soy- 
bean oil meal as the supplement to sor^ 
ghum silage." The difference between 
the value of gluten meal in these trials 
and in the New York trials with cattle 
full-fed com grain is probably due to 
the following: Fattening cattle fulUfed 
grain eat relatively little roughage, and 
toe quality of protein in corn grain is 
poor. Beef cattle being wintered consume 
mostly roughage, ond the quality of the 
protein in ^satisfactory roughage. Oven 
non-legume, is better than in com grain, 
(IBS) 

Apparendy because fattening lambs 
eat a much larger proportion oF rough- 
age than do full-fed fattening'cattle, glu- 
ten, meal gives decidedly better results 
as the only protein supplement for fatten^ 
ing lambs than for fattening cattle, 

In 8 New York trials fattening lambs 
fed gluten meal as the only protein sup- 
plement to a low-protein ration made as 
rapid and economical gains as lambs 
fed soybean oil meal as the supple- 
ment." These supplements were added 
to a ration of com grain and corn silage, 
with little or no legume hay. Lambs ted 
linseed meal made a trifle more rapid . 
gains than those fed gluten meal and 
were somewhat more easily kept on full 
feed, In New York metabolism experi- 
ments with growing lambs* the protein 
of gluten meal had as high a value as 
that of soybean oil meal or even that of 
milk. (127) For non-ruminants, the (glu- 
ten meal protein would be of decidedly 
lower value- 
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they furnish protein at lower cost tbao 
do such feeds as soybean oil meal or cot* 
tonseed meal" Dairy cows will usuauy 
eat concentrate nurtures containing 8 to 
17 per cent tankage satisfactorily. Ooca- 
sionaDy some cows do not like such a 
mixture at first; though later they wfll eat 
it readily. 

Hie rnflk production is not increased 
by substituting tankage or meat 'scrap for 
the, protean supplements ordinarily fed 
dairy cattle, and it rany even be reduced 
a trifle. These animal by-products have 
not affected the flavor or odor, of the 
milk even when fed 1 to 2 hours before 
milking. 

Meat scrap or tankage can be used 
as a protein supplement in "calf starters." 
or calf meals, bat had best replace only 
part of the dried Ekimmilk. other dairy 
by-products, or soybean oil meal. 

807. Tankage or meat scrap for 
beef cattle. — Tankage or meat scrap is of 
much less value for beef cattle than for 
swine or poultry. In 10 experiments fat- 
tening cattle fed either tankage or meat 
scrap as the only protein supplement 
gained 0.1 lb. lees per head dairy than 
similar cattle fed linseed mea), cotton- 
seed meal, or soybean ofl meal as the 
supplement** Where the selling price of 
the cattle was reported in these trials, it 
was slightly less for the cattle fed tank- 
age or meat scrap. While the value of 
these animal by-products varied widely 
in these experiments, on the average 
they were worth less per ton than the 
plant-protein supplements. 

Tankage wad also inferior to cotton- 
seed meal or com eluten meal in Kansas 
tests in which 1 lb. per head daily of 
these various supplements was fed to 
^ » calves and yearlings being wintered on 
ArJas sorghum silage'." 

It is best to accustom cattle to tank- 
age or meat scrap gradually by mixing a 
% small proportion at the start with better- 
l&ked fgeos, such as linseed meal, cotton- 
leeed meal, or ground grain. Tankage or 
Wat scrap has given better results with 
■beef cattle when used in muted protein 
Supplements, combined with such feeds 
is linseed meal, cottonseed meal, and 
^bean oil meal.- 



* 90S. Tankage or meat scrap for 
sheep. — Tankfige or meat scrap can be 
substituted for such protein supplements 
as soybean oil meal in feeding sheep. 
Sheep may not like these animal ny-proa- 
uets at first, but after a few days will usu- 
ally eat the small amount needed to bal- 
ance the ration, especially if mixed with 
well-liked feeds. Sometimes Fattening 
lambs tire of meat scrap or tankage 
toward the end of the feeding pe- 
riod. 

The results of experiments in which 
either digester tankage .or meat scrap 
has been used as the only protein sup- 
plement for fattening lambs have dif- 
fered somewhat." In some of the trials 
the results have been fully as good or 
even slightly better than with cottonseed 
meal or Unseed meal, hut m other tests 
the gains have been more rapid on the 
latter supplements- 

909. Tankage or meat scrap for 
horses.-^ne to 2 lbs. a day of either of 
these feeds, or 1 lh. of blood meal, is 
sometimes useful for run-down, thin 
horses. As these feeds are not liked by 
horses, they must be mixed with palat- 
able feed*. 

910, Blood meal; blood flour.— 
Bleed meek or dried blood, is made from 
the Mood collected at packing plants. It 
is first heated until it is thoroughly coag- 
ulated; the excess water is then drained 
of; more moisture is removed in a press; 
and finally, the solid residue is dried and 
ground 

' Blood meal is the highest in protein 
of all the packing-plant by-products, 
containing over 80 per cent. However, 
the protein is less digestible and of much 
poorer quality than that in high-grade 
tankage or meat scrap. Blood meal is low 
fn calcium and phosphorus, thus differ- 
ing again from- tankage or meat scrap. U 
is used chiefly in "calf starters/* or calf 
meals, for raising dairy calves on a mini- 
mum of milk Blood meal is not usually 
liked by calves at firat, and if it is used 
as the chief protein supplement in a calf 
meal, it may bo- difficult to get them 
started on it 

Sometimes blood meal is used in 
poultry feeds, but it is unpalatable to 
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poultry and is inferior, to meat scrap in 
value." Tankage is usually better and 
cheaper for young pigs." In a Massachu- 
setts test 10 per cent of blood meal was 
a fairly good substitute for other protein 
feeds in a concentrate mixture for dairy 
cows.* 4 

Blood flow, or soluble blood meal, 
is produced by special processes, and is 
more soluble than ordinary blood meal. 
It is considered preferable in calf meals, 
but in an Ohio trial ordinary blood meal 
equaled soluble blood flour.** 

911. Hoof and hunk meal^— Experi- 
ments have shown- that when animal hoofs 
and horns are ground to an extremely /W 
powder in a ball mill, the product can be 
digested by animals and can be used (6 
replace part of the usual protein supple- 
ments for poultry. The product roctn* to be 
decidedly variable, hovevax, upd sometimes 
does not give satisfactory results. 09 

Fcath&r mcaL — Feather meal, ot 
hydiulized feathers, Is a new product made 
by treating under high Steam pressure the 
feathers from slaughtered poultry. It has 
over 80 per cent protein* and according to 
the definition proposed by the Association of 
American Feed Control Officials, should have 
70 par- cent digestible protein." The results 
of the few trials reported with feather meal 
have differed, apparently due to variations 
in quality. 61 

Feather meal properly made can appar- 
ently replace part of the ordinary protein 
supplements in rations, Srtfirnietory results 
have been reported With £ to 5 per cent in 
a broiler mash, Feather man! seems to supply 
vitamin B« and one of the unidentified Ifto 
tors needed by chide*. (222) 

913. Lfver meal- — Vwfous types of Uv*r 
meal mads chiefly from animal or fish livery 
are used primarily as vitamin supplements; 
but also supply high-quality protein. Animal 
Uoctr meat 'shoula be made entirely from 
liver. Anirwl Itocr and glanduUv meal Is 
made from liver and other glandular tissue 
and at least $0 per cent of the dry matter 
should be from fiver;** Similar products bid 
made from fish by-products, 

liver meals fire used chiefly as vitamin 
supplements in poultry mashes or in special 
feeds for pet stotfe and fur anhnal£ be* 
cause of the content of riboflavin and other 
S -complex vitamins.' Adding 2 per cent of 
livor meal to a ration for very voting pigs in 
dry lot may increase the thrifuness and gains, 



but may be uneconomical, because of the 
high price." 

914. Low-grade animal fat— X>ue 
in large part to the wide use of de- 
tergents in place of soaps in this coun- 
try, there has recently been a surplus of 
low-grade animal fats, produced in the 
meat and rendering industries. (134) 
As a result, the prices oi these tallows 
and greases have declined to levels that 
make their use in formula feeds* or mixed 
commercial feeds, practical. The use of 
these fals is discussed in Chapter V and 
in the chapters dealing with t£o different 
classes of stock. To prevent the develop 
mcnt of rancidity in the fat and resum- 
ing destruction of vitamins in the food! 
an effective antioxidant should be added 
to the fat. 

91$. found) fluid* dried Wisconsin 
teste a product rich in B -complex vitamins 
was prepared experimentally by pressing out 
and drying the fluid that could be pressed 
from the paunch contents oi cattle or sheep 
at a slaughter house.*' It was about as rich 
as dried skimmilk in riboflavin, 

9[&\ Poultry byproduct meal.-^This 
by-product of 0011111* processing plants con- 
sists of the ground, dry-rendered, clean, 
wholesome parts of the carcasses of slaugh- 
tered poultry, mch as head, feet, undevel- 
oped eggs, gimrd and totcttioes, exclusive 
of feather* and gfemrd and intestinal con- 
tent^ accept in such trace amounts as might* 
occur unavoidably to good factory practice.™ 
Limited data indicate that it may be a satis- 
factory substitute for meat scrap." 

917, Fish meal^Years ago most of 
the fishery wastes were either used to 
wake fish meal for fertilizer or were not 
utilized at all, but dumped in the sea. 
Because of the numerous experiments 
which proved the high value of fish meal 
for swine and poultry, the production of 
fish meal has increased until it has be- 
come an important protein supplement, 

Several types of fish meal are made, 
differing both in tha raw material used 
and in the method of drying. Menhaden 
fish meal ie the most common kind in 
the eastern states. This is made in proc- 
essing menhaden herring (a very fat fish 
not suited for food) for fish oil and fish 
meal White fish meal is made chiefly 



MISCEL1 

from the cuttings or waste of t 
haddock industry, not inoludi 
trails, which, except the 
dumped- at sea. Other fish 
made of waste from sardine 
salmon, tuna, etc. 

At first, fish meal was 
dried in so-called "flame drier* 
the material was exposed to 
peratures. This method has b 
replaced by drying in stea 
drums, often under partial \ 
lower the temperature. V* 
fish meal is superior to flame 
meal made from the same ma 
has a higher content of vitarni 
protein is more digestible. 

In the case of fish cuttin 
high In fat or oil, xooet of th- 
pressed from the product. / 
content in fish meal is undc 
such fish meal may produce a 
in eggs, meat, or milk. Also, 
high in fat is more apt to beo> 
on storage. 

91$. Nutritive value of 
—Fish meals differ somewhat 
value, depending on the type 
tonal used, the method of d 
the care taktm in the proces: 
direct . comparisons have bee) 
the various Kinds of fish meal, 
fore only general statements « 
concerning their relative feed: 

Fish meal of good quality 
pecially high value for swine 
try, because of the excellent 
protein it supplies. Howeyer, 
quality in different samples o 
varies decidedly. In more th 
dred samples of various co 
produced fish meals recent* 
California experiments, only 
were rated as good in pioteii 
In these tests, sardine fish mt 
comprised the greatest numb 
plea, were generally of. high 

Apparently, some 6sh 
ducers should use much mo 
rhaklng their product. If dec 
of the fish waste occurs before 
essed, the fish meal may be in 
entirely unsuitable for feed 
ously, much more care must I 
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MISCELLANEOUS CONCENTRATES 



525 



iU because of the 

oimal fat— Due 
vide use of de- 
»ps in ibis coun- 
>een a surplus of 
produced in the 
xhwtrfes. (134)* 
of these tallows 
jsd to levels that 
a feeds, or mixed 
icfll. The use of 
> Chapter V and 
vith the different 
•ent the dcvelop- 
e fat and result- 
iins in the feed, 
should be added 

ed< — In Wisconsin 
•complex vitamins 
ly by passing out 
could be pressed 
of cattle or sheep 
vro about as rich 
a-vin. 

luet tpflol^-Thir 
xtssing plants eon- 
••rendered, clean, 
.rcasse* of slough- 
«J, feer, undcvel- 
.tostfnes, exclusive 
ad ifitestinftJ cow- 
amounts as might 
factory practice.** 
it may Ob a satis- 
; acrtp.** 

ear* ago most of 
-■ either used to 
fceer or were not 
iped in the sea. 
?us experiments 
ojue ox fish meal 
\e production of 
until ft has be- 
ein supplement. 
. meal are made, 
w materia] used 
ying. Menhaden 
ommon kind in 
s made in proc- 
(o very fat fish 
fish oil and fish 
is made ohxeDy 



from the cuttings or waste of the ood and 
haddock industry, not including the en- 
trails, which, except the livers* are 
dumped at sea. Other fish meals are 
made of waste from sardines, herring, 
salmon, tuna, etc 

At first, fish meal was nearly all 
dried in so-called "flame driers," in which 
the material was exposed to high tem- 
peratures. This method has been largely 
replaced by drying in fiteanvjackefced 
drums, often, under partial vacuum, to 
lower the temperature. Vacuum-dried 
Fish meal is superior to flame-dried fish 
meal made from the same material, as it 
has a higher content of vitamins and the 
protein is more digestible. 

In the case of fish cuttings that are 
high in fat or oil, most of the bO is ex- 
pressed from the product. A high fat 
content In fish meal Is undesirable, as 
such fish meal may produce o fishy taste 
in eggs, meat, or milk. Also, fish meal 
high in fat is more apt to become rancid 
on storage, 

918. Nutritive value of fish meals, 
—Fish meals differ somewhat In nutritive 
value* depending on the type of row ma- 
terial used, the method ot drying, and 
the care taken In the process. But few 
direct comparisons have been made of 
the various kinds of fish meal, and there- 
fore Only general statements can be given 
concerning their relative feeding value. 

fish meal of good quality has an es- 
pecially high value for swine and poul- 
try, because of the excellent quality ojf 
protein it supplies. However, the protein 
quality In different samples of fisti meal 
varies decidedly. Jo more than a hun- 
dred samples of various commercially 
produced fish rnealfl recently tried in 
California experiments, only about half 
were rated as good in protein quality," 
In these testa sarcUne fish meals, which 
comprised the greatest number of sam- 
ples, were generally of high quality. 

Apparently, some fish meal pro- 
ducers should use much more care in 
making their product If decomposition 
of the fish waste occurs before it is proc- 
essed, the fish meal may be injurious and 
entirely unsuitable fox feeding. Obvi- 
ously, much more care must be token to 



prevent decc*npositipn in the production 
of fish meal for stock reeding than in 
making fish meal for fertilizer. Certain 
fish waste is too high in salt to be used 
to make fish meal for feeding, unless the 
salt is removed from the product. 

Fish meal is very rich in protein, 
containing 60.9 per cent, on the average. 
Also, the protein of good-quality fish 
meal is of high nutritive value, tending 
to be more efficient than the protein of 
tankage or meat scrap as a supplement 
to the grains. If fish meal contains too 
large a proportion of fish heads, the value 
of the protein U decreased, because 
much of the protein in the heads is less 
digestible ana of lower nutritive value 
than the protein in the flesh, 

Herring fish meal is the highest in 
protein content, averaging 7£,5 per cent. 
Sardine, menhaden, and white fish meal 
all average above 60 per cent in protein, 
while fish meal from redfish, salmon, and 
tuna usually has somewhat less protein. 

Pish meal usually has 6 to 10 per 
cent of fat, but some fish meal is now 
made which has only 3 to 4 per cent 
fat 

Because of the bones it contains, 
fish meal is high in calcium and phos- 
phorus. It has an average of 5.36 per 
cent calcium and 3.42 per cent phos- 
phorus, with a total mineral-matter con- 
tent of 18.3 per cent. It should also he 
noted that fish meat usually contains an 
appreciable amount of iodine. However, 
In regions where there Is an iodine de- 
ficiency for livestock, iodine can readily 
be supplied at less expense in the form of 
iodized salt, (170) 

Fish meal is one of the richest 
sources of vitamin B u among common- 
feeds and also of one of the unidentified 
vitamins required by poultry, (223) It 
is also fair in riboflavin content and has 
considerable niacin. Fish meal processed 
under partial vacuum may contain con- 
siderable vitamin A and vitamin D, but 
other fish meals may have little of these 
vitamins. 

Some have hesitated to use fish meal 
for stock feeding, fearing that it migjht 
cause a fishy flavor in era, meat, or milk. 
In the numerous feejHng experiments 
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one-half the tou#»8» <«> dry. hai,) k 
alfalfa, loybean, or eowpea hay. 

Salt 20 ^ 

TMfll ....^ : WiK 

ToSt^ff. nutrients, 75.3ft 

*Gn>tt*dcam UgOlba. 

Ground oats §™{P?- 

ffltfS*:::::::::::::: ft 

Totti"!--''- 2,000 ibs, 

Dig. protein. 9-8ft 
Totafdig. nutrients. 75-1* 



Com gluten feed 
Soybean ofl meal 
Soil 

total 

5. Ground grain scrfihuro 1,400 { 

Wheat bran 2O01h# 

Cottonseed meal (or soybean »-.! 

oil *eal> * SDte: 

Salt < B 01 ** * 

Total 2,000 lbs.* 

Dig, protein, 9.6% 
Totofdig. nutrients, 76.0% 

e. Corq-and-cgb maal 1 -3&& s - . 

Wheat bran 500 1^ 

Cottonseed meal (or soybean 

oUmeal). B5k* 

Unseed maal 65^ 

Salt ^fr- 

Totftl - - • • S,000 lba. 

Dig. protein, 9.6ft * 
To&ldlS. nurxiontt, 70.9ft. 

J3. Mixtures for fitting dry cows and fa frteshflnuig COWS 
Mixture Noa r whicbcont^^m^t %. Grmmd corn ;;;;; g*°j{£ 

Wheat bran ' $22 }j* 

Linwodrneal ....... r 

Bone mad (or Other safe 

juprfement 

Ground limestone 1°£*; 

Salt 20 Ip* 

Total*.." S,000lbs. 

Dig. protein, 13.1ft 
Total dig- nutrients, 714ft 



3. Ground barley (or wheat) 

Crowd oats 

Wheat bran 

Salt ,. 

Total 2,000 lbs. 

Dig. protein. I?- 1 * 
Toteidlg- nurrlcntfi, 7£.91ft 



L030 lbt. 
700 lbs, 
250 lbs, 
SO lbs. 



roore than 12 per cent total protein, is suit- 
able for use when at least one-third of the 
roughage, on the dry basis, is tauinft f orfl». 
When Utrio or no legume roughago Is avail, 
able, such a mixture a* No, S, whieh contain* 
1& pci" cent protein, is preferable,. 

L Crannd corn 

U Ground 0«ls t^fc- 

Wheal brun 500 te. 

Unseed meal ........... ^ iwiW. 

Bone me«il (pr otter raft 

Told 

Dig. protein. lO-fifc 
Totaldlf nutrients, 72.0% 

C. Matures containing appwrtroately 14 per cent protein 

eow* in milk which are fed red 1 Ground lgg{£ 

live weight) and com or jw^utnjdage at 

com or.sorgh^ fodd *' ^ P"*" 0 **■ 
^^X^ which ^cn^ 

g00fJ p^ dry* cows .when only one-fourth of 
the rougha^ (on the dry bub) ^ leguine. 

Fo? heifers over 6 month* old, when 
One^holi the roughaga (on the dry baiis) to 
clover hay. 



2. Ground com 
Ground oacs 
Wheat bran 
Unseed meal 
Salt 

Grouod barley ■ ^gj 

Gjpund oats 

seed meal) fi , 

4. Ground corn 50 

Ground oats « 2 

Wheat t*an 15 

Corn glutej Feed k 

Soybean oil msal o 

Salt 

Total ^ a,W 

Dig. protein, 11-Bft 
Totafdig- nutrients, 7a.7ft 

D, Mixtures coniointni 
For cows in milk which are fed go* 
clover or atfke ctcA'cr hny ( at lewt 
dSf^per 100 lb*, hve weidn) 
rilago. »rgbum dlage. com fodder, soi 

le*st SO per cent <*>vo»>«^ ££L l 
ghom tllago or corn or 

. P For^U in milk v*l* M« on got 

'^Fot dry com wiueh »re fed little 
legwnw roaghttfte- 

1. Ground com j 

Ground o»ts < 

^^S^Morco^: 

peed meal) 

Salt 



Soybean oil meal (or cotton- 
seed nam!) 

Sfllt 

Total 

Dig. nroteia, 11.9ft 

•fotnf dig. nutrients, 75.3ft 



225 lbs. 
20 lb*. 

oool - 



2. Groond barley 

Ctouhd ofiU * • * • 1 

Wheet bran ■ ttftn : 
Soybean oil meal (or cotton- 
seed meal) 

gait 

Toial • 

Dig. protein, 13.6ft 
ToOildlB- nutrients, 73-S% 
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1,000 b*. 

640 lbs. 

200 lbs. 

J| 70ib*.- 

S' ;;; 7oibs, 

""]\ £,000 lbs. 

\% 

mt*, 74.5% 

li jSlfe 

I!!!!!!!!!!.. 2001b. 

j (or soybean 

50 lb*. 

' 20 lbs. 

£,000 lbs. 

ote, 76.0% 

^ :;::::■:: l «t 

a (or SoyW ^ 

85n». 

* ; *. . 20 lbs, 

2,000 lbs. 

ate, 70.0% 

mg COW5 

550 lbs. 

* 500 lbs. 

" 5001bs. 

soon*. 

w other stife „ rtlL 

20 lbs. 

V.. 10 lbs. 

|! 20 lbs. 

] 2,000 lb*- 

i% 

ots, 71-4% 
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t protein 

l,0S5lbs- 

: : ... soon*. 

* * ,,, 200 lbs. 

aojW; 

2,000lbs- 

3% ' " ' 
its, 75*5% 



, 2. Ground corn % 

Ground oats 

Wheat bran 

Linseed meal \ . . . ; . 

Salt 

Total 

Djg. protein, 11-5% 
Total dig. nutrients, 74,6% 

& Ground barley 

Ground oats 

Wheat bran 

Soybean oD meal (or cotton- 

«cd meal) 

Salr 

. Tofcl 

Oig. orutofn, 11,5% 
Total dig. nutrients, 73.6% 

4, Ground corn 

Ground onts 

Wheat bran 

Com gluten feed 

Soybean oil meal 

Salt 

Total 

0ig, proteb, 11.8% 
Total dig. nutrients, 717% 



880 lbs. 
500 lbs. 
200 lbs. 
000 IU. 
gQtbs. 

ICoooltl 



1,0801b*. 

600 lbs. 
200lb». 

90 lbs. 
20 lbs. 
2,000 lbs. 



5. Ground grain sorghum U575 lbs. 

Ground oats 330 lbs, 

Wheat brto 200 lbs. 

Cottonseed ntsel (or soybean 

oil roeal) 175 lbs. 

Salt : 20 lb*. 

Total 2,000 lbs. 

Dig. protein, 11 J% 
Totaldlg. nutrients, 75.5% 



055 lbs. 
500 lbs. 
225 lbs. 
150 lbs. 
160 lbs. 
SO lbs. 

2,000 Ids. 



6. Com-find-cob meal 1,220 lbs. 

Wheat bran 450 lbs. 

Cottonseed meal (or soybean 

oil meal) 155 lbs. 

Linseed meal 155 lbs. 

Salt 20 lbs. 

Total , 2,000 lbs. 

Dig. protein, 11.2% 
Total dig, nutrients, 71.1% 



D. Mixtures containing npproHhnately 1$ per c*mt protein 



For cows m milk which are fed good red 
clover or alsfte clover hay (at least 1 lb. 
daily per 100 lbs. live weight) with oorn 
sUac*. sorghum sflage, corn (odder, sorghmn 
fodder, or roots. 

For cows In milk which ore fed good 
mixed clover-and-gitws hay (containing at 
least 30 per cent clover) end com or sot* 
ghuai sibge or corn or sorghum fodder, when 
protein supplements are unusually expansive. 

For cows in milk which are on goad pas- 
ture. 

For dry cow* which ore fed UtrJa or no 
logumo roughage. 

1. Crwrod com 

Ground oars 500 hs. 

Wheat bran 200 lbs. 

Soybeao oil meal (or cotton- 
Heed meal) S3* lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dlg.pror.ein, 13.B% , 
Totaldlg- nutrients, 75.1% 

.2. Ground barley' I>000lbs. 

Ground oats 5 §9!P* 

Wheat bran 200 lbs. 

Soybean oil meat (or cotton- 

seed meat) 220 lbs. 

Salt 20 lbs. 

Total 2,000 lbs. 

Dig. motein* 13.6% 
Total dig. nutrients, 73-8% 



3. Ground com 

Ground oats 

Wheat bran 

Corn gluten feed 

Soybean oil meal (or cotton- 
seed meaj) 

Salt 

Total 

DJg. p«teto, 13.0% 

TotaTdig. nutrients, 74.6% . 

4. Ground corn 

Ground oals 

Wheat bran * 

Unseed meal 

Salt 

Total 

Dig. protein, 13-9% 
Totaldig. nutrients, 74.07& 

5. Ground grain sorghum 

Ground oatt 

Wheat bran 

Cottonseed meal (or soybean 

' oil meaj) 

Salt 

Total 

Dig, protein, 12.7% 
Totaldig. nutrients, 75.1% 

6. Conr-tabVeob meal 

Wheat bran 

Cottonseed meal (or soybean 

oil meal) .- 
linseed meal 
Salt 
Total 



830 lbs. 
500 lbs. 
200lbs. 
225 lbs- 

225 lbs, 
20 lbs. 
2.000 lbs. 



820 lbs- 
'500 lbs. 

220 lbs. 

440 lbs. 
20 lbs. 
2.0001b*. 



1480 lbs. 
300 lbs. 
200 lbs- 

300 lbs. 
20 lbs, 
2,000 lbs- 




JAN. 23.2006 1 1:30AM LVM 312 616 5700 



NO. 9205 P. 13' 



1118 FEEDS AND FEEDING 

E. Mutates wrntsJning approximately IS per cent protein 



For cows in mlfr which are fed mixed 
dovcr-aod-tknotby hay or other mfced clover- 
atod-craa hay containing at bast'SO ^wnt 
clover ( at W 1 lb* of *>ay daily per 100 lb*. 
Iivb weight), this hay being fed with oom or 
sorghum silage, corn or sorghum fodder, or 
roots. 

For cows In mflfc which arc on fat pax- 

* Dr ^For heifers over 6 months old, when 
only About Otoff-fourth the roughage (on the 
dry basis) is legume, 

X. Ground corn 

Soybean oil meal «Z2 K' 

Distillers dried corn grains ... 325 to- 
&dc 20 " g - 

Total VOOIbi. 

Dig* protein. 14.7* 
Totafdl* nulWents, 7S.8% 

5L Ground barley MOgj 

Salt , fl 0 .™; 

Total . . . . 2.000 lbs, 

^^d?g°natrtetits» 74.0% 



Gt?und corn 

Ground oats 

Whaat bran 

Corn tfuten feed . 

Soybean oil meal (or cotton- 
seed meal) 

Salt 

-f otel 

Dig, nroteln, 15.57* 

Total di^. nutrient*, 74*$% 



500 lbs. 
200 lbs. 

soon*. 
eooAs. 

20 lbs. 
2,00011*.' 



4- Ground corn 

Ground oats 

Wheat bran 

Unwed meal 

Com gluten feed 

Salt 

Total 

Dig. protein, 15.1ft 
Toul dig, nutrients. 73.59fc 

6. Ground grain sorghum . . . 

Ground oats 

Wheat bran .... . 

Cottonseed meal (or soybean 

oil meal) 

Salt , 

Total 

Dig. protein, 14.49i 
total dig. nutrients, tiSVo 

6. Com-and-cob meal 

Whaat bran <• 

Cottonseed meal (or soybean 

oil meal) i 

Linseed nteal 

Salt 

Total 

Dig. protein, 14.59b 
Total dl£. nutrients, 71.1% 



' 540 lbs.' 
500 Iba. 
200 ll* 
370 Iba 
370 lbs. 
20 lbs. 
S.CQQ lbs. 



1,0451ns. 
300 lbs. 
200 lbs. 

405 lbs. 
£0lb* 
£,000 lbs. 



fl70 lbs. 
450 lb*. 

280 Iba. 
2801b*. 
20 lbs. 
2,000 lbs. 



p Mitxurts containing approximately 20 per 
per ton U roughage It grown on 

For cow* in mDk which are fed miud 
t E gume*nd-gnm hav graining Iw than 80 
per cent legume*, this bay being fed with 
corn of sorghum silage, corn or sorghum fod- 
der, or roots. , . 

For cows in milk which are fed non- 
legume roughftge of good quality »»a which 
^producing sufficient milk so that thoy 
requite afleart 8 to 10 lbs. of concentrate or 
grain mixture, 

For cows tn mjlk which are on poor pas- 

For heifers over 6 months old which are 
fed no legume roughage. 



cent protein (Add 20 lbs- ground limestone 

toil *cry deficient in calcium.) 

L Ground corn MOB* 

Ground oats *x2jr* 

Wheot bM ggO to. 

Soybean Oit meal 370 J*. 

Diihllers dried corn grains ... 880 fti. 

Salt ....* _?0lfe 

Total 2.000 lbs. 

Dig. protein. 16,7% 

Total dig nutrients, 76.4% . 

2. Ground corn 510 lbs. 

Ground <mtl 800 bj- 

Wheat bran, 0* 

Unseed meal.. «0*J 

Com gluten feed ^{P 5 * 

Salt , 20 PS. 

•Jblal 2,000 lb7 

Dtg. nrotein, 10-9% 
ToUldfg nulrionU» 7$.9T* 



6. Grtrund barley 

Ground oats 

Wheal bran ..•;->•*■ -"v;- 
Soybean ofl meal (or cotton- 
seed meal) 

Salt 

Total . . , -j^j^ 

4. Ground corn 

Ground oata 

Wheat bran 

Com gluten feed 

Soybean oil meal 

Cane molasses 

SpH 

Total 

?^*« 

C, Mtxtimu containing apntoxini 
per ton if rovghagc 

For cow* in milk which ax- 
qua^ty non-legume roo^e an. 
not producing luificient milk tt 
much a* 8 lbs, of concentrate a 

tUr %or cows m milk which e 
non-legume loughiigB of fair to j 

JU Ground corn 

Ground o&ts 

Wheat bmn .••v> , "*"»v s 
Soybean oil meal (or eotto 

seed meal) 

Distillers dried corn grams . 

Salt 

Total 

Dig. protein. 20- 2 % 
Total dig nutrients. 77.1% 

2. Ground barley 

Ground oats 

Wheat bran y 
Soybean oil meal (or cotti 

seed meal) 

.Linseed meal 

Sail • 

Total — c^'ite 

Totafdifi. ntl^e 0 ^ 74 * l<Jt 

$. Ground corn 

Ground oats 

Wheat, bran 

Corn gluten fend 

Soybean oil meal (or coti 

seed rneal) 

Cane molasses 

Salt 

Total 
D1 E . protein. ai^% 
Total dig. nutrients* 72.0% 
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cent ptotfiTQ 

880Ibs. 

SOOfcs. 

200Ibs. 

fc^ :::; 3°°^ 

meal (or cotton- 

\ , 300 £b&. 

' ; 201b. 

£,000 lb*. 

trtent5,74.39Si 

• 540Ib5, 

; ; 500 iu 

200 lbs- 

a 370 lbs, 

M ■ 20 ib*. 

2,000 lbs. 

itrfents, 73-5% 

MS 

; ;;;;;; 20011* 

Wtc* soybean 

20ib8, 

2.000 lb*, 

t 'l4.4% 
utrieots, 74.5% 

:; VSt 

meal (or soybw* 

•1 w\b*. 

..... a,oooibs. 

utricnU, 71-15* 

SO lbs. ground limestone 
iaryt hi calcium.) 

660 lbs. 

™ ! 40Otb* 

? **;;::. 20015*. 

riedcorngwms ... 3»jg; 

mtrfentt, 70.4% 

510 lb* 

5 t .... 2001b*- 

"1 , 470 lbs. 

Ai--::::::::::: « 

XoooS 

urtrfent*, 78-D*S> 
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a. Ground barley 915 lbs. 

Ground octs 400 lbs. 

Wheat ton 200 lbs. 

Soybean oil meal (or cotton- 
seed meal) 465 lbs. 

Sail 20 lb* 

total fl,0001bs. 

Dig. protein, 17.6% 

Totafdig. nutrients, 144% 

4. Ground com 430 lb*. 

Grocmd oeto 300 Its 

"Wheat bran 200 lbs. 

Com gluten feed 450 lbs. 

Soybean oil meal 400 lbs. 

Cans molasses 200 lbs. 

Salt 20 lbs. 

Total 2,000 lbs, 

Dig. fttfoteio, 17 A% 
Total dig. nutrients, 72,19b 

6. Mixture* contaiorog approximately 24 per cent protein (Add 20 lb*, of ground 
per ton If roughage fe grown en soil very deficient In calcium* ) 

For cows to mflk which are led good- 
quality non-legume roughage nod which are 
not producing rafBeiont wSk to require so 
much as 8 lbs. of concentrate or gxnln mbt- 
lure- 

For cows in milk which are fed only 
nOnJagume roughage of fair to poor quality. 



5. Ground grain sorghum 900 Ibs- 

Ooxmd oats $00 lbs. 

Wheat bran 200 lb*. 

Cottooseed meal (ox soybean 

ofl meal) ... 580 lb*. 

Salt 20 lbs. 

Totbl a.O001bs- 

Dig. protein, lfl.2 it ' 
Total dig. xrabrients, 74.09& 

6L CorrnaocVcob meal B70 lbs. 

Wheat bran 4O0 Ibs- 

Cottonseed meal (or soybean 

oil'med) 3S5Ibs, 

Linseed meal 955 lbs. 

Salt flOlbs, 

Total 2,000 lbs. 

Dig. protein, I6r99& 
Total dig. nutrients, 71.39& 



4. Ground com , . . . 
Ground oaU 

Wheat bran .... 
Unseed meal . . . 
Con) gluten feed 
Soybean oil meal 
Salt 



I 



Ground com SgOKw. 

Ground oats 292 8»' 

Wheat lw &00lbs- 

Soybean otf meal (or cotton- 

seed meal) 500 lb»- 

Distillers dried com grains ... 000 bs. 

<fcfc 20 lbs. 

Total 2,000 lbs. 

Dig, protein, 20.29& 
Tote] dig. nutrients, 77.19b 

2. Ground barley , . . 580 lbs. 

Ground oats 400 Iba. 

Wheat bran 200 lbs. 

Soybean oil meal (or cotton- 

seed meal) 500 fo*. 

Unseed meal 300 lbs. 



Total 

Pig. protein, 20.7% 
Totafdig. nutrients, 74.1% 



limestone 

SSOJbs. 
2001b*. 
200 lbs. 
500 lbs, 
500 lbs. 
200 tbs. 
SO lbs. 
2,000 lbs. 



5, Ground grain sorghum 

Ground oats 

Wheat bran 

Cottonseed m«aj 

Soybean ofl meal 

Salt , 

Total 



Dig. protein, 20^'^ 
TotaTdii " " 



680 lbs, 
dOOtbv 
200 lbs, 
500 lbs. 
800 lbs. 
20 lbs. 
2,600 lbs. 




Total 2,000 lbs. 

Dig. protein, ilM t „ 
Total dig- nutrients, 74.1% 

i Ground com A20 Ihs. 

Ground oats 200 lbs. 

Wheat bran... goOfos. 

Com gluten feed 600 lbs. 

Soybean oil meal (ox cotton- 

seed meal) 660 lbs. 

Ome molasses *228*- 

^ 20 lbs. 

Total 2,000 lbs. 

Eg.toroteiij,21-2% ^ 
TocaTdlg. nutrients, 72.0% 



Nig. nutrients, 74.0% 

0, Oorn-and-cob meal 

Wheat bran 

Cottonseed meal (or soybean 

oil meal) 

Linseed meal 

Salt 

Total 

Dteproteln. 10.7% 
Total dig. nutrients, 71.3% 



620 lbs. 
400 lbs. 

500 lbs. 
460 lbs. 
20 lbs, 

2,000 lbs. 
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composition by changing the amytose-amylopectin ratio (Le., the ratio of 
straight-chain versus branched molecules). Among these are dull (du) and 
sugary- 2 (su2y Both of these genes have been studied in combination with w* 
and ae (Alexander and Creech, 1977), but commercial usage of these gene 
combinations has not developed. 

Both waxy and high-amylose hybrids are grown under contract for corn 
wet-milling. Since both genes are recessive, the fields in which they are produced 
must be isolated from normal dent corn, limited acreages of waxy com are also 
grown as feed for cattle and other livestock. Discussion of the products made 
from waxy and high-am ylose corn starches is covered in Chapter 16. 

PROTEIN MODIFICATION 

Several endosperm mutants that alter the balance of amino acids have been 
identified. The most important of these is opaque-2 (oj). Mertt et al (1964) 
reported that tn reduced zein in the endosperm and increased lysine. Other 
mutant genes with similar effects are floury-2 (fh) and opaque-7 (oj). 

Kernels with the 02 gene are characterized by a soft, chalky, nonlransparent 
appearance, with very little hard vitreous or horny endosperm. This type of 
kernel is more prone to damage by kernel rots, insects, rodents, and harvesting 
machinery. Much improvement has been made in increasing resistance to ear 
and kernel rots by selection for more vitreous Oa types (CIMMYT, J9S2). 
However, lysine levels tend to decrease, so selection must be accompanied by 
chemical endosperm analysis to retain high levels of lysine, 

Yields of the first o* hybrids were 85-90% of those of the normal dents. 
However, through selection, the yields of modified 07 material have been 
improved during the last decade. 

High-lysine corn can be an important source for a balanced protein in the diets 
of nonruminantt. Several nutritional studies have shown the potential value of 
higb-lysine corn in helping meet human food needs in the less developed 
countries. In the United States, the use of high-lysine corn has been restricted 
because it yields less than norma] dent corn and because a nutritionally balanced 
protein from corn is not needed when soybtan (Qlycine max) meal is readily 
ava liable. The tradeoff in growing high-lyslne corn ts that of losing calories per 
hectare in exchange for a gain in higher quality protein. 

B- Altering Kernel Composition and Integrity by Selection 

OIL 

The oil content of hybrids from the U.S. Corn Belt ranges from 3.5 to 6.0%> 
with an average of about 4.5%. The long-time Illinois selection experiment 
(Dudley and Lambert, 1 974) showed that oil content can go from as low as 0. 1 % 
to as high as 19.6%. Development of wide-line nuclear magnetic resonance 
spectroscopy has given researchers a nondestructive, rapid method of 
determining the oil content of samples as small as an individual kernel (Bauman 
etal, 1965). High-oil hybrids, with greater than 6% oil content, are lower in yield 
than hybrids with less than 6% oil. Increasing oil content genetically is not a 
difficult task, because variation occurs in existing germ plasm and most of it is 
heritable (Alexander and Creech. 1977). 
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fatty wads. Oil* with a ^^J^^^Sm recommended for human 
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protein has produced ~* "™ ^ ™ uch interest exists in developing 
(Dudley and Lambert. 1974). Curren flftnoj £™ l omlcaUy BVai Uble soybean 

acids. 

KERNEL INTEGRITY , devating, and moving grain 
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bilityhavebeendevclo P ed(Cr*pte^^^ problem. Some of these 

kernel characteristics are related "J* *™X£us Endosperm, 2) kernel 
cnSacterisUcs are 1) ^^X^S^^A test weight 
density, 3)average kernel w"^, ^ SS^3SI««iii«J« ace heriteble. bat at 
and 6) kernel size and shape. Most of these °n a ™™" lection for kernel 

com «»^^ 
bre*ka B e«duc«on,asno^^ 
Kernel integrity can ; be measured loy 'J^^^^^ vmvW {phipw 
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lipids I 313 

between the oil contents and variation in temperature, rainfall, or fertilization 

* We^fSfound that the addition of each of the fertilizer elements N, P 
J^5S^^A mM of the grain slightly, bat the mon imporunt 
etfea TwtsTe increased grain yield, which produced more otf per unit of land 
S JeC ^ tbat increasing rates of N Iweaied pnj« 

£2|S "ad noeffect on oil percentage orfatty acid compo^on oftito 
ST^hSuoM ttudy boron fertilization had no effect on protein or oO content. 
^^^^MOM N, P, and K all increased yield but had no 
£p n £a^ 

more important source of variation in oil percentage than were .«™«». 
CSTSSSi of planting. Jellum and Marion ^^J^^ 
genetic factors had a greater influence on oil content than did environmental 
factors such as planting dates .location, and year. _ , . fftT 

ICeo different herbicides have been tested sintfy and '« 
fhrir effect on corn oil Quantity and composition (Penner and Meggitx, 1974, 
JS^SIKJlto. 1973, 1974). None of the treatments ^whether 
Z^oXd before planting or applied pre- or postemergence, 

ZLl*L~ wh*« effects on fatty acid composition were noted, the changes 

"JS^SIS^ m, 4. oU ooiw* of corn grain. When 
JT^SW SKSl during grain fill to drought that reduced kernel 

^e nrotcin content of the grain from 8.3 to 1 1 .Oft but decreased the oil content 
S ?8 "o 3 S In 1970, when an epidemic of southern corn leaf bughf 

proportion to the amount of blight damage (Freeman, 1973). 

D. Genetic Control of Oil Content 

tFo S 0 3* oil S w. DudUy, personal communication) An aw*** 

SXS KSl2B5bV« *• and oil pmw m the , gerrnteve 
?r!cSt,HO,b r ndos^ 

etal 1968) With selection only for oil, the yield otm u nasim™ 
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NMR screening and recurrent selection have facilitated the development of 
populations with higher oiL D. E. Ale*aiider(Univ. of Illinois, Urbana, personal 
communication) ha$ achieved an increase in oil content in Alexho Synthetic 
fromMto 16.4% in only 23 cycles, a gain of about 0.5% per year. IHO, in the 
long-term experiment originally based on rows selection among ears and 
destructive chemical analysis for oil, has shown an increase of only 0.17% per 
year Using high intensity selection by NMR within half-sib families, Mdleretal 
( 198 1) were able to increase the oil content of Reid Yellow Dent com from A .0 to 
9. 1% in only seven cycles and with no reduction in yield. ' 4t 

Interest in breeding higher-oil corn is worldwide. Trif unovic et al ( ] 975) at the 
Maize Research Institute in Yugoslavia have used NMR analysis to develop 
lines that vary in oil content. Among 490 inbred lines from their breeding 
program, the oil content ranged from 2,7 to 12.5% with a mean value of 6. 1%. 
Lico (1982) has isolated inbred lines from native populations in Albania that 
show promise for breeding hybrids with higher Oil contents. In Iraq, Baktash et 
al (1982), using five cycles of modified mass selection from a synthetic corn 
variety Neclam, increased oil content 0.17% per cycle, 

Alexander (1982) has released three high-oil inbreds to the seed trade 
(R802A-7% oil, RB05-9%, and R806-9%). A commercial hybrid .with 
6 5-7 0% oil is now being marketed to U.S. farmers. Additional hybrids are 
being selected at the University of Illinois for 6-8.5% oil content and yields 
equivalent to those of commercial varieties. For example, RB06X B73 (6.7%oiJ) 
gave the same average yield (9.34 t/ha; 149 bu/acre) as the well-known hybnd 
Mol7 X B73 (4.3% oil) over a six-year period, 1979-1984 (Alexander, 1986). 
Higher-oil hybrids that yield as much grain per hectare as commercial hybrids 
wiUproducemorecnergyCcalories) per hectare. The energy content of oil ^37. 7 
J/ff (9 kcal/e); that of protein or carbohydrate is only 16.8 J/g (4 kcaJ/g). 

Significant positive correlations between oil content and yield components 
have not been found consistently. Raman et al (1983) examined correlations 
among oil percentage and yield components in a study with 27 inbred lines and 
three testers in a line-by-tester design. Oil content was positively correlated With 
grain yield, plant height, ear height, ear length, number of kernels per row, 
moisture content, and 100-kemel weight, but the °"<^v ^ *'f> nt 
only for 100-kernei weight and grain yield. Alexander and Seif (1963) found no 
correlation between tOO-kernel weight and oil content, 

jhe oil percentage of a corn kernel can be increased by a larger germ size, 
higher percentage of oil in the germ, or a smaller endosperm. Some endosperm 
mutants such al brittIe-2, floury-2, and sugary-2 have higher oil percentages 
than does conventional com, but the increase is due mainly to reduced 
endosperm sire (Flora and Wiley, 1972; Arnold et al, 1974; Roundy, 1976) 

ODaove-2 kernels tend to have larger ratios of embryo to endosperm than 
conventional corn does (Arnold et al, 1974; Valois et al, 1983). Eggum et al 
(1983) have developed four opaque-2 hybrids with 5.8-6.5% oil (Table I). 
Although the grainyields of the opaque hybrids were all lower than that of the 
conventional com. the oil yields per hectare were higher for three of the four 
opaque types. The waxy corn with 5.6% oil also yielded more oil per hectare than 
the conventional com with 5.1% oil. The highest grain yield in thi s study was 
attained by a high-oil hybrid (5.5% oil), but the authors cautioned that the grain 
yields were calculated from yields obtained in small field plots. AH of the hign-ou 
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074 
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OpXque 
Opaque 

Waxy 
Waxy 
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High-oil 
High-oil 
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corns showed more utilizable protein in rat feeding trials than did the 
conventional com. 

C. Value or High-OD Corn to Animal Feeding 
A feeding trial of h^b-oil corn in groWlnfrfmishihg pigs was reported by 
Adams and Jensen (1981). These researchers compared the 
oil corn with 7.5% oil (Diet 10 to that of conventional corn with 3.5%oil (Diet I) 
(table II). The experiment was also designed to lest whether the oil m mtact 



TABLE I 

Co nn*dUa*« >nd Ylalfe of Conventional Com and Opaque, Waxy, and Hlgh-OU Com? 



Hybrid 
ZFSC 



Typ* 



704 
071 
Q73 
074 
076 
757 
780 
781 
727 
717 
747 



Conventional 
Opaque 
Opaque 
Dp?qtoc 
Opaqoe 
Waxy 
Waxy, 
High-oil 
High-Oil 
Hjfih-oil 
Hiah^oil 



OH 


Protein* 


Grain 


on 


(96) 


(96) 


(l/W 


(ke/ba) 


5J 


9.6 


14-3 


733 


5.3 


9.0 


11.4 


659 


5.9 


10.9 


14.0 


823 


6.1 


6.6 


13.6 


B32 


6.5 


819 


11.7 


762 


4.B 


9.6 


13.3 


645 


5.6 


ft.9 


13.9 


774 


5.2 


10.4 


12.S 


660 


5-5 


11.9 


15.5 


655 


7.1 


10.9 


I3.S 


9BI 


8.2 


12.5 


110 


982 



805 
792 

l<08S 
92t 
788 
617 
645 
857 

(.071 
691 
836 













t 

Conventional 
Corn 

p.5% ©up 


n 

High-on 

Corn 
(7.5% oil? 


m 

Conventional 
Corn + 
Corn Oil 


Average daily gain, kg' 


0.84 


0.65 


0.82 


Avtrage daily feed, kg* 


U7a 


1*5$ b 


1.56 b 


Average $aiu/ feed* 


0,50 a 


045 b 


0-53 b 



"From AdamsawIJenflcnUVBI?. , . . 

b Dlei I, conventional com (73.69%) + soybean meal (23.46%) V vitamin* 
and minmJi (2.65%), 163 MJ/fcg. Dial II, high-oil com <73 ; WW + 
■oybcan meal (23.60%) + lysine (0.01%) + vitamins and minerals (2.65%). 
16 8 MJ/kp. Did Jit* convftflUoftftl com (71.32%) + soybean meal 
(24.64%) + com oil (I J9%) + vitamins and mineral* (2.65%), |6.8 MJ/fcg. 

'Oil comeM.oxpTtssed on "as is H basis. 

♦EachvshieBanavewefifor^w^ 8 ^ pigs each, 

'Value* in the same row followed by different letters arc aigmficanlly 
different </>< 0.05). 



42.0 

39.5 
60.7 
49.9 
44.0 
39.1 
38.3 
34.2 
49,7 
41.9 
37.3 



•Adapted from Eggum el al (1983). All values on dry weight basis. 
'Nitrogen X 6.25. 

•Determined from rat recdiflg as»y4. 

TABLE II ( 
PcrforraiiK« of GrOWing-WftisHng frigs on Diets Containing 
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high-oil corn grain was used as efficiently as added oiL A diet (Diet III), 
isocaloric with Diet II, was prepared by adding corn oil to conventional corn. In 
all the diets, erode protein and lysine levels were above suggested requirements 
to ensure that neither would be nutritionally limiting. No significant differences 
in average daily gain were observed among the dietary treatments, but the daily 
feed intakes for the high-oil com diet and for the conventional corn plus corn oil 
diet were significantly lower than for the conventional corn diet The average 
gain/feed values for both the high-oil diets were similar and were significantly 
higher than for the conventional corn diet, indicating that the pigs used the intact 
high-oil grain efficiently. Feeding supplemental calories as higher oil in intact 
seeds would eliminate die handling, storing, and mixing problems that arc 
associated with the addition of oils or fats to feedstuffs. 

In an earlier experiment, Nordstrom el al (1972) fed 1% oil corn to growing- 
finishing pigs and found Lhat 5-6% Jess high-oil corn than conventional corn was 
required per kilogram of gain. The 7% oil com had little effect on pork quality, 
but diets containing 15%oU through addition of com oil produced soft and oily 
carcasses that were unacceptable for conventional processing. The quality of the 
pork carcasses was affected by the additional oil in the diet and also by the 
greater polyunsamrati on of the I5%oildict(62%Unolcicacid)comparcd to that 
of the high-oil corn diet (51.7% Unoleic acid). 

Han and Parsons ( 1 984) have compared the nutritional value for poultry of a 
commercial, high-oil corn hybrid (5.7% oil, 9.5% crude protein, 14% moisture) 
relative to that of conventional com (3,696 oil, crude protein, 14% 
moisture). Laying hens fed 17% protein diets containing high-oil corn had 
significantly belter egg-to-feed (wt/wt) ratios and higher body weight gains than 
hens fed conventional com, regardless of whether the high-oil com was 
substituted on an equal weight or an iso nitrogenous basts. No differences 
between com types were found for egg production, egg weight, feed 
consumption, and egg yield (grams per hen per day). Broiler chicks fed the 
high-oil diet from 8 to 22 days posthatching had improved gain/feed ratios 
compared to those fed the same diet containing conventional corn. The true 
metabolizable energy of high-oil com was found to be 4.5% higher than that of 
conventional com in a study involving adult roosters. 

The nutritive value of high-oil com for chickens has also been investigated in 
Yugoslavia (S. Savi6, M. Latkovska, and B. Supic, personal communication). 
One-day old , mate chicks were fed diets containing conventional corn (4% oil) or 
a high-oil com hybrid (7.9% oil). After 56 days, the control group had gained 952 
g and the high-oil group 1,006 g- f the difference was statistically significant 
(P<0.05). Feed conversion per kilogram gain was 2.58 for the high-oil corn and 
2.75 kg for the conventional com. 

TIL FATTY ACID COMPOSITION 

The Structures of the fatty acids found In corn oil and other vegetable Oils are 
shown in Fig. I, The zigzag conformation of the hydrocarbon chains and the 
natural cis configuration of the dou bit bonds are indicated. The pathway for the 
biosynthesis of the fatty acids (Stumpf, 1980) is also shown. 

A major selling point for corn oil is its high level of the essential, 
polyunsaturated fatty acid* Jinoleic acid (18:2). Consumers have been made 



aware of the impor 
Com oil is an excell 
very stable oil becai 
Utile (<1.0%) linolei 

Among the comn 
sunflower oil (69.5% 
than com oil (61.9% 
soybean oil, has a lo- 
higher content (6,8 
susceptible to oxidat 

Corn oil has low h 
and stearic acid (18:i 
25.2%) and palm (16: 
(14:0), palmitoleic ( 
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Sunflower 


( 


Corn 


II 
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10 
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*Faity acid* are identified t 
palmitic add, 1 6:0; stearic ; 
'No value jiven. 
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CHAPTER 11 



CORN DRY MILLING: PROCTMMM. 
PRODUCTS, AND APPLICATIONS 

RICHARD J. ALEXANDER 

Penitk & Ford, Lid. 
Cedar Rapids, Iowa 

I. INTRODUCTION 

A. History of Corn Dry Mffltoe 

follows very closely the history of com 
•me history of com milling ™JJ2^ in rf orth America; corn vw 
development, which ^.^^^SS^ii,^ discovered the New 
probably reintroduced into J^^JJ^ ,i„, as recorded by several 
World. This history ^^f^S^Sm^^ the discovery of 
investigators. MangeLsdorf and ^T^SSStTL a wild progenitor of 
T.OOO-vear^W ^/X^^oftorn, Xofhalf intaacobs, have been 
modern corn. Over 20,000 °« S a J„ valley of Mexico and the 

found in several caves in ^^^S^i^ dated between 4,M» 
southwestern Um^States.Thef^ 

and 6,500 yean old (^f^?^ 

to^to*J^ffl£^g£^^ the stones they had used 
observed ttat the ancient Indian ofNic^gua were 

the implements used in pioneer - hmm ^i^S'Sprovement over tbc early 
use of the Indian metate, which was only a MfiM ^mpn, hand-held 
Binding stones. With this device, the corn was ground between nan 
stone and a concave bedstone. . k ^ j directions for 

One step up torn the JKJ » ; 

making ibis device were qmtt simple, as recorgcu , 
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hollow stump until the com had been sufficiently crushed mto meal. 

S hS Mode was eventually replaced by a smgl^fannly, stone device 
called a oS Swnowced kwern). ThU was a small, burred-stone grinding 
^Baratus awarendy invented in ancient Rome. It was operated by pounng 

SSJ SSpLss the stationary "netherstone 1 the cornmeal worked 
out between the stones and fell into a tub surrounding the quern. 

te*u«Hyu 1620 (Hardeman, 198 1 ).U expanded to become the lo«Jgnst 
mm which was eventually used to process both com and wheat Energy to 

SthonBh steam-driven mills were used n some sections of the country. 

A mfmber of gSmSs are still used to grind corn today, P^ulariy in the 
. ft »th«* states fLarsen. 1959). As in pioneer America, the mills are re auvely 
maMnd^dsnet product distribution is limited Lo a 
See milling systems have gradually given way Jo the more j>*P™ t,cated 
impering-deger^ine systems, which were introduced » the early 1900s. 

B. Present Milling Capacity in the United Statts 

According to Brekke (1970a), as of 1965 ^™™<3^$&$t> 
United States with a dally capacity of SO owt (2.27 0 or noffcl By J969 this 
number had dropped to 115. More recent Statistics (Anonymous, 1984b) 



Prindpal Com PryMtUtog 



Company 



TABLB I 

p.-'-- M.1 Loctlon. .no ErtlMrte d MM C«P»dtf«.' 

. ' Estimated D*1>J 

Opacity 

Mill L^Uon _ < 1 - flW " m > b ■ 



Archer Daniels Midland 
Evans Milling Co. 
Illinob Cerwrt M«b inc. 
KrauM Milling Co. 
UuhofjOram Co. 

Lincoln Grain, Inc. 
Mnrtha White Foods' 
MidstMC MUJl, Inc. 
The Qn*V« Oats Co. 



J. R. Short Milling Co. 



Lincoln* NE(Oooch Mills) 
lodiftnapolii, IN 

Pa rw« It- 
Mil wauktc. Wl 
D*nviUft. ft 
CrtlA, NE (Crete Mil!*) 
Alchuon, KS 
Nsuhvilltt TN 
Newton, NC 
Ctdit Rapidfi, 1A 
Cluwanoo&a, TN 
SUQjeph. MO 

Kankakee. IL 



15 
W 
65 
55 
70« 
50 
45* 



25 
IS 
20 
■ 5 
10 
30 
445 



Total — — — — " — —* ™ ~ *~ 

■Wiih As exception or two companies, the ligms arc to** on onp-.bli.hod Jala. 
»Mri£ ^figures in d* column by J9.4 w convert io *cir t c torn. 
e Anonymous (197B). 

iffi^'tottwfc. TN. -ith nvc scpanu, n*. ihr« in T*™«. <™ * Georgia, 
end one in West Virgjmo, 
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he wood pestle in 10 ihe 
-,d into meal. 
te-famUy, stone device 
burrtd-stone grinding 
5 operated by pouring 
-set handle was used to 
I the cornmeal worked 
he quern. 

>plicd on a much larger 
become the local grist 
and wheat. Energy to 
f humans and by water, 
/ere operated by water, 
of the country, 
lay, particularly in the 
the mills are relatively 
small geographic area, 
he more sophisticated 
i the early 1900s. 

i States 

%2 dry corn mills in the 
or more. By 1969 this 
(Anonymous, 1984b) 



Estimated Daily 

(1,000 buy 

15 
30 
65 
55 

7<r 
$o 

45* 

25 
IS 
20 
15 
10 
30 
445 



iblishtd data. 



Tmnegscc, one in Georgia. 



suggests that the decline in d ry mills has tapered off, with B8 mills still operating 
in 19*4. Of thie total, 66 are smaller mills located in the ^uthern states and 
California (two), with most of the remaining mills (20) in the Midwest. 

Indications are that only 17 of the dry-milling plants account for most of toe 
corn processed by theindustry. Alist of the principal milling companies is shown 
in Table L Of the 17 mills, at least 12 are fairly large operations havmg daily 
capacities of between 10,000 and 70,000 bu (250-1,750 t) and utihzing 
tempering-degerming processes. Ten of the mills are located in the Midwest, and 
five are relatively small plants in the South. 

Thetotal of 445,000 bu (ll.I X 10» t).of com p* TaWe > 1) 
corresponds to an annual volume of about 1 1 1 million bushels (2.77 X 10 t). 
ThS rXents 92% of the com processed by the whole industry for the 
1977/ 1978 crop year (Anonymous, 1982) and indicates that most of the corn 
processed by dry millers in this country today is processed by the large rapacity, 
tempering-degerraing Systems, 

IX TEMPERING-DEGERMING SYSTEMS 
A. Process with the Beall Degerminator 

The BeaU degerminator, introduced in 1906 (Larsen, 1959), set the stage for 
thed^loprnentandprodUonof refined ^»«P r Jt 
other types of degerminating equipment have been introduced $ nee 1906, jhe 
Beall machine has remained the mainstay for most U.S companies employing 
Urapering-degerming systems, It has allowed the dry-mflling industry to move 
frorj numerous small/locally operated grist mills ^th 
distribution u, larger, more efficient plants P™«« n S . 2 ^Jiffi £ 
f 500-1 750 1) per day with nationwide distribution. It has also allowed Tor the 
nroduetion of hittber-qvality, low-oil, essentially germ- and bran-free 

Probably the major reference work cited by most of the recent author* ,n the 
field is that of Stiver (195S). This work describes the processes and equipment 
used by ' the corn dry miller, in very detailed fashion, as do the more recen 
Sws by Brekke 0970a) and Anderson and Watson (1982). Their excellent 
Zssions, XwchU, etc.are not reproduced here. However the key aspectt 
Sheprocessare briefly reviewed to provide the reader sufficient background to 
the subsequent sections of this chapter. . 

As shown in the flow chart in Fig. I, shelled, whole U S. No 2 ye low corn s 
received and placed in storage in standard com silos. Today most of the corn is 
delrvered by tVuck or railoar directly to the corn mills from country elevators or 
indrviSll farms. Most corn mills have, one to two weeks of storage capacity, 
whS could amount to well over one million bushels (25 X lO't), depending on 

A ThTrorn h is*first dry cleaned, which includes passage under a magnet 
(positioned overabeltconveyor)lo remove tramp metal, «P»™*6nto 
fines and nieces of cob, and screening to separate whole corn from broken com. 
TnederiS 

to remove surface dirt, dust, rodent excreta, etc., the corn is adjusted to about 
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20% moisture and placed in a tempering bin. Optimum tempering moisture aod 
times have been reported by Brekke and co-workers (Brekke et al» 1961, 1963; 
Brekke and Weinecke, 1964; Brekke, 1966, 1967, 196B, I970a> 1970b; Brekke 
and Kwolek, 1969). 

The product is then processed in the BeaU degerminator, in which the whole 
moist com is essentially treated by an abrading action to strip the bran or 
pericarp and germ away from the endosperm while leaving the endosperm 
intact The most efficient way to opera te the degerminator has been reported by 
Brekke ct a) (1961, 1963), Brekke and Weinecke (1964), and Weinccke et al 
(1963). This is obviously an ideal picture of what the com miller would like to 
have happen. In fact, some of the bran and germ remain attached to the 
endosperm and must be removed in subsequent aspiration and milling 
processes. Also, some of the endosperm remains associated with the bran and 
germ fractions, all of which arc separated by subsequent use of aspirators and 
gravity tables. 

Let us assume that most of the endosperm is separated from bran and germ. 
The BeaH is set up so that the large pieces of endosperm, known as "mil hominy, n 
proceed through the end of the degerminator. This fraction is dried, cooled, and 
sifted, and part of it is isolated as large flaking grits. (The conditions for 
obtaining maximum yield of flaking grits have been reported by Brekke [1966, 
1967] and Brekke and Kwolek [1969]). The remainder is sent to the roller mills 
for reduction into smaller fractions, such a$ coarse, medium, or fine grits; meals; 
or flours. The bran and germ fractions (together) pass through a screen on the 
underside of the degerminator and become the "thru stock" stream. This stream 




Fig. I. Produciioh flow chert for a typical cpm lempcriafi-dfigcrraing syst&m. 



is dried, cooled, aspirat 
separate germ and end 

The germ can then b* 
spent germ or germ cal 
corn dry millers do no' 
that do). The fines sepa 
oil. fine fiber, and tipcE 
"standard meal." The b 
from whole corn before 
op together to become 
known as "hominy fcec 
oil obtained from eith 
refiners in the United S 
the thru stock is proces* 
prime grits, meals, and 

As indicated by Stiv 
mills and sifters are the 
endosperm are sent to 
corrugated rolls; the co 
size reduction required 
which can separate the 

The larger-sized pai 
reduction, or combine* 
dried, cooled, and sent 
and small-sized partick 
size combined to givt 
composition. 

In several of the maj 
further processed in acii 
to provide a wider varie 
use. These specialty pre 
sections of this chapter 



At least two alterna 
refined dry-milled corn 
the Miag process, now 
and the Ocrim process, 
have been used to so: 
equipment from thetw< 
mills in this country, Si 
(1970a), no further des< 

in. pi 
vc 

The primary product! 
grits, cornmeals, and co 



PAGE26/56 



« RCVD AT 1/23/2006 12:26:55 PM [Eastern Standard Time] * SVR:USPT0^FXRF^f28 * DN1S:2734617 * CSID:312 616 5700 * DURATION (mm^s): 



JAN. 23. 2006 11:35AM LVM 312 616 5700 



NO. 9205 



ng moisture and 
t al, 1961, 1963; 
, 1970b; Brekke 

vhich the whole 
rip the bran or 
the endosperm 
ten reported by 
Wetnecke et al 
sr would like to 
rttached to the 
n and milling 
:h the bran and 
' aspirators and 

bran and germ, 
j "tail hominy," 
ed, cooled, and 
conditions for 
'Brekke [1966, 
the roller mills 
ne grits; meals; 
i screen on the 
tn. This stream 




Dry Milling / 355 

is dried, cooled, aspirated to remove the bran, and processed on gravity table? to 
separate germ and endosperm. 

The germ can then be expelled or hexane-extracted to remove the Oil, and the 
spent germ or germ cake becomes one of the by-product streams. (Some of the 
corn dry millers do not further process the germ but sell it to other companies 
thai do). The fines separated from the thru stock endosperm are usually high in 
oil, fine fiber, and tip caps; they become one of the by-product streams known as 
"standard meat" The bran, germ cake, standard meaU and broken corn (isolated 
from whole corn before entering the corn mill) are combined, dried, and ground 
uo together to become the main by-product of the com dry millet^ which is 
known as ''hominy feed, M Since none of the dry millers refine corn oil, the crude 
oil obtained from either expelling or extraction is sold to one of several oil 
refiners in the United States. The main portion of the endosperm isolated from 
the thru stocfc is processed in the same way as the tail hominy fraction to produce 
prime grits, meals, and flours. m 

As indicated by Stiver (1955) and others, after the degerminator, the roller 
mills and sifters arc the core of the corn milling system. The larger pieces of corn 
endosperm arc sent to a series of roller mills, where they pass between sets of 
corrugated rolls; the corrugations vary insize, depending on the level of particle 
site reduction required. The ground endosperm stream proceeds to the sifters, 
which can separate the mixture into as many as 16 different fractions. 

The larger-sized particles can be sent to another set of rolls for runner 
reduction, or combined with other streams of similar particle size, aspirated, 
dried, cooled, and sent to a finished product bin, SiraDarly, the medium-sued 
and smalWtzed particles may be further milled and sifted and streams of similar 
size combined to give finished com grits, meals, and flours of uniform 
composition. _ . „ 

to several of the major corn dry-milling plants, corn gnts and/or flours are 
further processed inacidmodificato^ 

to provide a wider variety of modified corn products for both food and nonfood 
use. These specialty products are discussed in more detail in several subsequent 
sections of this chapter. 

B. Alternative Milling Systems 

At least two alternative dry-milling systems can be employed to produce 
refined dry-milled corn products (Brekke, i970a). They have ^^"^ 
the'Miag process, now more correctly the Buhler^Miag process (Wyss, 1974) 
and the Ocrim process. Both of these systems were developed in Europe and 
have been used to some extent throughout the world. Selected pieces of 
equipment from the two systems have also been incorporated into several corn 
mills in this country. Since the systems have been discussed in detail by Brekke 
(1970a), no further description is given here. 

ni.tiRY-MlUED PRODUCTS-TYPES, 
VOLUMES, AND COMPOSITION 

The primary products derived from the tempering^egeTming process are corn 
grits, cornmeals, and corn flours. An infinite number of products are possibleas 



JAN. 23. 2006 11:35AM LVM 312 616 5700 



"NO. 9205 — P. 28" 




356 / Com: Chemistry end Technology 

a* ,«..lt of oartidesfce reduction on theroller roilU. from flaking grilses 

« S to: KSSdSim to f^grind corn flour w»tb 99% pwb>S H«™>£ • 

" A?tf SllSlS'SSi * particular, included numerous products 
^ 79 5 S StS 8 ^vtSeJ a JotwW in composition.'., com flour, 



grits. This : 
contains le: 
Break flow 
endosperm, 
mainly frot 
game com? 
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Flaking grit* 
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Commeal 
Com ©onw 
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TABLE II 

Tvpfcal Products of iht Com Temp^Dc^nning Syrtanu 
Crftriolattons and Product VoUmws- 



PqrUcie She 



From 



to 



Standard 



S^g Standard 



In. 



-0.253 -5,600 +6 

-0,0787 -2^000 +IS 

-04)512 -1,290 +30 

-0.0234 -600 +W 

-O.0I65 -425 +80 

-0.0098 -550 +323 



-3.5 
-10 
-15 
-30 
-d£> 
-60 



+0.132 +3,350 

+0.0512 +1,290 

+0.0134 +600 

+0.0098 +250 

+0.0070 +180 

+0,0017 * +45 



Annual 
Volume* 
(million lb) 

750 



940 
1,360 
190 
190 
330 



A 
F. 



Pi 



MoiilCre 

Protein 

Pal 

Crude fiber 

Ash 

Starch 

Q\hcr polysaccharide? 



Flaking 
Grtti 
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Com 
Cants 


11.7 


11 J 


12.0 


7,0 


7.5 


7.9 


0.6 


0.7 


0.6 


0.2 


0.2 


0-3 


0.2 


0.3 


0.3 


76.3 


7S.0 


77.4 


2.0 




1.5 



' Based on unpublished da la. 
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grits. This fine fraction (-60 mesh) is usually referred to as "break flour. " U 
contains less protein and somewhat more fat than the other prime products. 
Break flour is derived from the portion of the corn kernel known as the floury 
endosperm. Corn flour derived from the roller milling of grits, and coming 
mainly from the horny endosperm, is known as "reduction flour." It has the 
same composition as the starting corn grits. 

IV. INDUSTRIAL APPLICATIONS 

A. Current Market Volumes 

The principal applications of the products of the corn dry-milling industry are 
shown in Table IV, These figures were estimated for the calendar year 1977. 
Most or the figures in Table IV have been corroborated with other published 
data for that year, as is discussed below. 

The total product volume of 6.19 billion pounds (2.81 X I0 6 1) should be 
corrected to 6.05 billion pounds (2.74 X JO 1 t) to account for the noncorn 
ingredients in fortified corn products. This corrected figure compares fairly well 
to the 5.87 bUUon pounds (2.66 X 10* t) calculated from data for the daily plant 
capacities of the principal dry millers in Table I, using the following equation: 



TABLE IV 

Eslhniicd 1971 Product Votamej of the Com Dry-MHItng Indpitrj* 



AppHratioo Areas 



Quantity 
(million top 



Brewing, total 




1,850 


Food, general 






BroaKhfi cereals 


SOO 




Mixes (pancake, cookie, muffin, elc.) 


100 




Diking 


so 




Snack foods 


100 




Other foods (breading*, baiter*, baby foods, etc) 


75 




Total 




1,125 


Fortined roads (PL4&0), ioibI 




m* 


Nonfood 






Gypsum board 


100 




Building products (particteboard* flberbo»rd, 






plywood, ac.) 


40 




Pbormfteeuticsls/ fermentation 


200 




Foundry binders 


90 




Charcoal binders 


75 




Other (paper, corrugating, oil well drilling fluids, etc,) 


25 




Totftl 




530 


Animal feed/ total 




2,200 


Total 




M90 



'Estimate* bared on unpublished da la, 

b Divide the figure* in these columns by 2205 to convert to minion metric 
ions. 

'Corn products represent 65-70% of total shipments, or 315-240 million 
pounds. 

'Data reported by Alexander (1 973). 
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PradU ct volume - 443 « X 250 <*. X 0.* 

r (conversion factor') 

« 5,874 biUlott lb 
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* f«™ of adiunct with a higher concentration of fermentablesugars. Therefore, 
Si a& (Pfisterer et al, 1976) and production rates 
JEFK ill lOTfr Swain, 1976) have been possible without plant 

(Pollock " d JJf' r V /'J' J 8 ""^ d , ow 'er production costs, whereas others 
"SS^SS^X^tSS^J^ 1976) have that 
mutt hvw production problems phis ft more uniform product with 
ZKSSSS iS Moll and Duteurtre (1976) indicated that, when a new 
wSSt ?/buuLlo wer capital costs are possible with the use or com syrups. 
^iSS^ffita »<« beenas well documented. However, ceti*to 

Creased brewing caparatyslmUarto that for syrups. Inadditlort, the popularity 
rfSSJeKtoa ™ "cent V*™ has resull4<1 in *° "TfSlT 
to^Tmaltcd riee as the source of debranching enzyme as well as of starch. 
C. General Food Us« 

IN Jo R mb?nSe^ 

r a. Tl« T-Me IV one obtains a total of nearly three and one half billion 
StinRtheimpori 

segment. ^^J^^^,^ food applications of dry-milled 
relatively new technology. 

25-29, 19TB. 
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vridest apart- As the cereal product is conveyed do*n the kngih of 
tettpMsiM action), the flights get closer and closer together, so that by the 
Se the cooked product exits the end of the extruder, the matenal is under a 
«tBKurt!of2O0-l.000p»i (1^00-6,900 kPa). . 
P T£e cer^pScft b mlved tUfgh the extruder, the te»Peratur«m the 
extruder bancl increase!, primarily as a result of l)the internal shearforces, but 
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injection that is possible in certain models. The heat causes the starch in the 
cXprod«ctto gelatiniwand swell, and the resulting ettrudaU * becomesqmtt 
Si. This creates additional pressure, shear, and heat at the head end of the 

C5C Th?«Ste exiu the extruder through holes in a die plate. These holes can 
be varied in si«, shape, and number. At the end of the extruder w a variable- 
»eSSe%Wchcu^ 

Ireconveyed to a cooler/dryer. If the collets are intended for second^ or 

product is packaged and made ready for shipment. If the final end use is as a 
precooked cwnmeal or ««ni flour, the dried collet, ait ^m a hammer m,U, 
fSeter mill, or the like, to the desired particle size before bagging and 

"Tjurnber of variables in screw design, extruder shape, die configurarion, 
numbeTof exiuder screws, etc., are possible. For Instance, in the machme m 
Kg Wwrorot^rliquidso^ 

W, and external heat can be added by steam injection into th« , barrel h he 
machine in fig. «. liquid additives are added in the mixing cylinder ahead of the 

fwefceuUmof^ 

WeuL units, single-sere* industrial extrusfon^okers are satiable from 
Boonot Company and the Sprout Waldron Division of Koppw ^^ 8 - 
screw extruders from Wemer-Pleiderer Corporation and Wenger Manu- 
facturlne iust to mention a few. » 

Along with equipment design, cereal properties, such as degrei » of ooobn^ 
densiiy. viscosity, or water absorption properties can becontrolled and modified 
bysu^^ 

perhaps most Importantly, die configuration. This flexibly has helped make 
extrusion cooking the important processing tool that U is today .n the food 
?nS£\£ e/peciilly for the corn dry millers, it P"^"?™"^ 
converttngcorn flour from a by-product Into premium products (Roberts, 1967). 

BX TTeaK - ™ 2?** "J 

Griffith 1 966) describes the use of extruders in producing precooked corn and 
?o^ Hours for use as foundry binder Subsequent ■■g^SilS? 
their use in breedings and croutons Anonymous, 1983), fabneated foods, 
fortffiS ccrealTrodocU (Anderson et al, 1969. 1970; Bookmaker et al, 1971), 
a^d i bases for certain specialty confections and protein-fortified beverage* 

^SJfsnickfood industry seems to have benefited the most from the variety of 
oroductt, shapes, densities, fete, possible with modem extruders. Cornmeals or 
comflour^^ 

io<o* Matsoti 1982) in the production of corn chips (Sanderude, ^. bca es, 
S& ™Sr ^ 1977; Toft, 1979; Scale, 1982), omon 

• 7cV, lira- Williams 1977) and several second- and third- 
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treatment with lye before miHing Seated . [ ^ recently described by 

D. Corn-Based Fortified Foods 

the government food aid prelaw tr*t ta£a ^^STdry milk (NFDM) 
nulling industry. * ^ ^^SSotein (ductal, 19fl> 
resulted in thesearch for s ° ur *T L * a »ofthe Food for Peace Act of 
TtogWW^^^^S^KdK eligible for donation to 
1966? Which broadened the ^ ^legislation, the :corn 

underdeveloped country Even before PJ^P « fTollefson, 1967) so 

fat Product » ~h« ^ «Stt^ 
corh-soy-mUk (CSM). The ^ngmal £J sovnour , S%NFDM, 

partly cooked commeal(PC^^^^ 

5%«oy oil, and ^^^Sf^SSwiii contained a r^icularly 
carbohydrate-proteiii-fa 1967). The combination of corn, 
•good amino acid profile W'"^^^,,tto«^ny^uW.tatt 
foy,andmilkp.*teu*™^ 
ia ihat of casein. It w oeiievea »n« «• 
nutXe properties resulted in the success of CSM. 

PURPOSE OF FOOD ^^^S&^ V*™ *■» |° 
The main object^ _of to Foo J s a„d high-quality pro.em. to 
provide nutrition, in the form ol n*tn w ^ eMUgh fopd. 

the million* of people ,n the Tto *J te d ftooi ^ouitton 
Indications are that as rnanj^^ 

(Anonymous, W?*^^^?^ W to weaning and preschool 
more. The emphasishasbeend^ 

children, in whom protein ma "^ on *^^ ucts purchased for he 
To accomplish tU* ^^AS^ntriesin the world through the 
V rom^^ ai ^ ah T^S^t ^ governments, and vanous 
Agency for Interlocal ^Jg^jJ^ catholic Relief Agency, and 
volunteer agencies, such as_ ^ ™^ ^ ^ people through vanous 

ssj^js^^ proeraras ' 

rnother<hlld care centers. 

DEVELOPMENT OF COM AS^PRO^CTS subsequent cereal- 
Tn the author* opinion, the *""^*&?{^ progranVVas truly a 
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tl « DeDartment of Agriculture and the Agency for International 
Xewlopment S a variety of scientists, notrltfordsis, etc., from private 
Development, p»u» j 0 f government and volunteer agencies. The 

^^^nS^ SmS£!^pnm» capabilities, some of the 

Manufacture of these product*. The U.S. %X/ E t af WW 197? 
tovolved in product and process development (Anderson et il, MW,lj™, 
ZkSteret al, 1971; Conway, 1971a, 1971b; ■"JSg^^JJ 
defining specifications and requirements for the products (Senti et al, 1967, 
nnokwalterctal, 1968, 1971; Bookwalter, 1981). 
TtaSm-Jwd materials developed for PM80, when they were introduced, 

"i3i?KS K?E PCM used to make CSM *as g^lly produced on 
hJf Sffiman 1982), the commercial products being made on gas-fired 
11.^ PCM and instant PCM (used to make metant 

ttMQ ^have l £ m a^ in e^trusion^ookers of the type desenbed » the 

T«*i A&M Uuiverriiy. Mey 19-21. 1975, 



TABLE V. 

cormBased Fortified goods Developed for PMBO Program 



Prodtfci 



Introduced 



Composition 



Cornmc&L, enriched" 
Procetjcd cprnmeal, enriched* 
Ceplapro* 

CSM (com-*oy-mUV) 
Instant CSM 



IwUiU meicned CSM 197 1 



Soy»fonified commaal 

CSB (conwoy blend) 



1957 (approx.) 99+% cornmeal. K O* vitamlo mineral prcmix 

perhundrcdwijhi. t 
1963 99+% PCM,' W Oi vitamin-mineral premiX 

per hnndredweighL 

1965 58% aornmeal, 25% W J v % dunun 

nour, 5% NPt>M, 2% vKanun-rnlDertl 
prcmix* 

1966 59SftPCM, 17.5% «oy nour, 15% NFDM. # 

5 5% soy oil, 2.S% vitainiiwriinertil preroix. 
I97 1 63% tonanl PCM. 13.7% *oy flour. 5% t 

tfFDM, 5.5% W oil, 2.8% vitamin-mineral 

saEant PCM, 27.5% toy flour. 7.35% 
fucrose, 5%NPDM. 5% *cy oil, 2% vitamin- 
mirwral premU, <M5% vanilla flavor. 

1912 55%oornmcal, l5%5oy griis- 

1973 67% PCM, 25% soy flour. 5%«oy oil, 

3% viinmin-mineral prcmix. 



^^^^^ 

4tS KS h _ .ho- dd« b« r r under 

•PCM « pro««*» OTMl, NFPM - ^^^■ pCM 2i|%6oyfl o uri5% NFDM.S%soy 
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preceding section and by Conway (1971a, 1971b). Other forms of cooking havfc 
been described by Anderson et al (1969, 1 970), although the extruder appears to 
be the most versatile and practical cooking equipment for dry-milled corn 
products. 

Although soy flonrand soy grits have been the main protein supplement used 
in PL480 products (alone or in combination with NFDM), other protein sources 
have been investigated. Cantor and Roberts (1967) described the use of fish 
protein concentrate in producing materials equivalent to CSM in protein 
efficiency ratio. They also discussed the possible use of amino acid fortification. 
Hayes et al ( J 978 , 1 983) examined the replacement of soy f) our in both com- and 
wheat-based products with both defatted cottonseed and peanut Hours. Whey 
protein concentrate was also tested and eventually approved as a replacement 
for NFDM and for use in a whey-soy drink mix (Book wal tor, 1981). 

RESULTS OFPL480 PROGRAM 

The main thrust of the PL480 program has never been to continue indefinitely 
the donation of food products to less developed countries, but to provide a 
stop-gap measure until adequate agricultural and processed food products could 
be produced by local governments. However, this stop-gap program bas been 
going on for over 30 years and will probably continue into the foreseeable future. 

Nevertheless, the efforts expended in this and other programs have been quite 
fruitful. The author is aware of at least 60 different products developed by 
various companies, governments, and foundations, many of which are being 
sold directly to people or local governments by private industry (Anonymous, 
1970). Products with such names are Areparina, BalAhar, Duryea, Incaparina, 
Modern Bread, PrOnutro. Saridele, Superamine, Golden Elbow Macaroni, and 
Y6o Hoo are but a few of the cereal-based foods thai have helped to relieve part 
of the hunger problem. Add to these the 1 5-20 fortified cereal products* plus the 
many other cotnmodity-based foods sold to and distributed by the U.S. 
government, and one begins to get a picture of the total energy and resources 
spent in this area in the last 30 years. 



TABLE VI 

Quantities (tnfU/on lb/ of Cora-Bised Fortified Foods Sold 
Id Government Agencies under F1490 



Product 


1970* 


1974 b 


1977 1 


1979* 


mo' 


19?) a 


1982* 


Cornmeal, enriched 








0.3 


8.1 


57.4 


50 


Soy-fortified cornmeal 




25.3 




105.6 


108,2 


13X9 


B3.I 


Com ^oy blend 




191.6 




7.3 






2.0 


Corn-aoy-milk (CSM) 


383.5 






226.5 


247J 


282.9 


215,4 


Instant CSM 




dOJ 




65J 




70.7 


45.6 


liuiani sweetened CSM 
















Totals 






485.0 


4054 




547,0 


400.4 



'Divide figures in ibis (able by 2205 to convert to million metric tons. 

*Data fronn R. J. Alexander. Creating new food* from corn and other frairu. paper presented to 
A Workshop on Food engineering, Texas A AM University. May IHI. 1975. 
'Unpublished data; no information available on specific product*. 
"Data from BookwMitr (J 983); *alum converted from metric tow to pounds. 



) 
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products have been developed for use with petrochemical-based synthetic 
polymers. Russell" discussed the we of flours as extenders in polyvinyl alcohol 
and polyvinyl chloride'fflmsuaed as agriculture mulches. Cereal flours faroabo 
been used as polyol-extendere in rigid polyurethane foams (Bennett et al, 1967), 
in flexible polyurethane foams (HostetUer, 1978). and in polyurethane resins 
(Otey et al, 1968). which can be molded and machined into furniture P'rtsaad 
thellkc. In certain polyurethane foams (Anonymous. 1967; Bennett etal. 1967), 
the flour appears to function as a fire-retarding agent as well as an extender. 

Miscellaneous. A number of other minor uses for dry-nulled oorn Inducts 
have been reported, including explosives, carriers for vitamins in animal reeds 
and for certain pesticides, and ftbrtsiVe agents in industrial hand soaps 
(Alexander, 1973); as textile sites (Rankin ct al. 1963); and as a dry earner tn 
solvent-based dry cleaners. 

P. By-Products and Animal Feed 

As indicated in Section II of this chapter, the various ^by-product «i^« £«m 
the com dry-milling process are most frequently combined to produce ^ single 
by-product known as hominy feed. The volume of this product, the largest for 
Uk products sold by the dry com millers, Is annually about 2.2 billion pounds 
(Brekke, 1970a; Alexander! 1973). This material competes with similar corn 
by-products, such as corn gluten feed and spent brewer* grains (Shroder and 
Heiman 1970). as ingredients in animal feed. This area has been the subject of 
fa ly ^mprehensive^reviews (Morrison .959; Smith. 1959; Shroder 
Heiman, 1970; Ensminger and OlenUne, 1978) and is not reported here In any 

^Hominy feed provides the U.S. feed industry, as well as numerous countries 
throughout the world, with an inexpensive, high-fiber, high-calorie jngredient. 
The material is higbinc«olenolds(lheyello W pigm^ 
A and D. The high carotenoid content is particularly desirable m chicken feed 
for providing eggs with bright yellow yolks. 

Trecent yeS. a number of investigators have taken a ^tose look at 
alternative potentially more profitable uses for some of the by-product streams, 

interest because of its potential as a source of dietary fiber (Wells. 1979). One 
TOeari^r(DuV a lU982)inwrpor^^^ 

wrSle ske into an extruded, high fiber, corn-based breakfast cereal At least 

introduced as a high-fiber ittgredient for food applications. Others (Alexander 
and Kruewr. 1978) have taken advantage of corn brans superior water 
absorption properties in providing an extehder-visoosifier for use in urea- 

is.goolsou^ < 972 ' 1973; Garcia etal. 

p£,ta ?E££Eo. A^ Oon, E* Ms*** Narthcm Regional R««.«b Ub6 rf ,^. 

n Sec foomwc 3. 
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1972), plus a fairly good source of dietary fiber. Such material has recently 
received considerable attention as an ingredient in protein-fortified cookies 
(Blessin et aj, 1972, 19W; Tsen 1976), bread (Tsen et al, 1974), and other food 
products, such as corn muffins and meat patties. At least one dry corn nulling 
company reportedly produced pilot plant quantities of a corn germ flour for 
evaluation during the mid- 1970s. Toe current status of this venture is not known. 

By the use of alkaline extraction and dialysis techniques, Nielsen and co- 
workers(1973, 1977) prepared protein isoUtes rrom oiWree corn germ. Products 
with nutritionally valuable amino acid profiles for potential fortification or food 
products were described. . 

Typical analyses of the various by-product streams are shown in Table vu. 
Composition of hominy feed can vary somewhat depending on whether the corn 
miller incorporates germ cake into the feed, sells corn gef m to another company 
that processes germ, or finds other ways of upgrading the various streams. 

V, FUTURE OF CORN DRY MILLING 

Considering the current situation with corn dry milling, it- is somewhat 
difficult to predict what will happen to the industry in the next 10-15 years. On 
the negative side, the Industry has not really grown in recent years. The amount 
of corn processed by dry millers in 1977-1982 (Anonymous, 1982) is about the 
same as that reported by Brekke (1970a) for the 1965-1969 period, or about 
120-140 million bushels (3 .0-3. 5 X 10* t). Increases in product volumes achieved 
in certain food and nonfood applications have been ofTset by decreases in 

bT On I the positive side, some new developments, especially in the food area, 
could lead to increases in the near future. One area of particular importance has 
been that of ethnic foods, specifically Mexican and Latin American food 
products. The number of alkali-processed com products in both the 
supermarket and the Tast^food and Mexican food restaurants has definitely 
shown an increase. New com mills devoted exclusively to the production of 
masa flour (Rice, 1983) have been built since 1980. and masa flours produced by 



TABLE VII 
Typical CcmtHwMoo (%, *s<b ba*li) 
of DrrMUlgd Com By-Produet Streams* 



Component 



Standard 
Meal 



Moiiture 
Protein 

Crude fiber 
Ash 
Starch 

Other polyrccchairldM 



u.0 
11,0 
4.5 
2.5 
2.0 
60.0 
6.0 



Com 


Com 


Homirty 


Germ* 


Bran 


F«d 


9.6 


ro.o 


13-5 


15.* 


8.0 


8.0 


23.S 


4.5 


3.4 


5.7 


12.0 


4.7 


6.7 


2.5 


2.0 


1B.4 


35j0 


61.0 


20.0 


28.0 


7.4 



'Bxcepi ror hominy feed, the product streams normally do ftov axui w 
separate finished product bui we combined with brofcen corn and 
sub9ca«enliy dried and hammer milled Logather lo produce hominy iced. 
fc Represent* composition before oil expelling or exttaefon. 
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are usually prepared from maize. AtoU is a smooth, creamy; free-flowing 
product prepared from wet^niiDed pastes, dry-milled flours, or degermed flours. 
On the other hand, a roasted porridge called pioole ha* characteristics similar to 
those of atotes, but the maize is roasted to promote flavor changes and increase 
payability. Flavor development depends upon roasting time, temperature, and 
the initial moisture content of the grain. Methods to prepare porridges vary 
among regions. A general scheme (Fig. 5) for preparation of atole and pinole in 
Mexico involves cooking and/or steeping, wet or dry milling, and addition of 
other ingredients such as milk, sugar* orange leaves, and cinnamon (Vivas, 
1 985), The same processes are applied to the production of atok $ from degemied 
maize flour. The processes summarized in £ig. 5 are Similar to those used in some 
African countries, where ogi (thin fermented porridge) and to (thick porridge) 
are prepared from maize, sorghum, millet, cassava, and rice (Rooney and 
Murty, 198 1). In Africa, theporridges are often fermented and are consumed as 
the major food three times a day by dipping a portion of the cooled thick 
porrid^ into a sauce composed of tomatoes, okra, onions, chiles, and other 
Ingredients. In many areas of Africa, maize is preferred over sorghum or millet 
because of its flavor and relative ease of processing. For instance, maize grits and 
meal are available in urban centers because shelf-stable products can be 
prepared from degermed maize. Sorghum and millet are not as easily degerrned; 
therefore, they do not make shelf-stable products. Tbus, maize is consumed in 
many African countries, which sometimes exacerbates food shortages because 
maize is not as well adapted to hot, dry conditions as sorghum. 
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CHAPTER 15 



NUTRITIONAL PROPERTIES 
AND FEEDING VALUE OF CORN 
AND ITS BY-PRODUCTS 

K. N.WMGHT 

Wright Nutrition Service 
Decatur, Illinois 

1. INTRODUCTION 

Ofallthegraimcomnv^yu^ 

industries. XE^&MSt-l 

ComcontaiMabout72%starch<madrybasisandisww^ Chapter 3). 
fpund in tte endosperm as F^^i^ffiSSSfflli 
Although corn is low m protein "^^^^^Stawtomited 
sourceof proteinfor the ; J^***^ § Scorn Sg an estimated 
approximately 75.1 ^.g^V K P»J» in this mud, 

yield of U8.0 bu PW^P'R^S fx 1? 0 oT 44% wtfbean meal. For 
Jam is equivalent to 46JX 10 tow (414 x ^10 t ^ bushels 

yean (1980/81 to W 5 /")^^^^^, IM% porttry. 21.396; 
T ^^ir^J^'^^iK'n-ii ", 3 % of the 
° thW C ^fl^iS b£ S ^S c5Kumed40J%. Although the protein eontcnt 
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in many livestock and poultry rations because of the high level of corn used in 
these diets (USDA, 1985b). 

When com is fed to livestock, it is usually first proceeded in some 
manner to improve acceptability or nutritional value. Although whole grain 
may be fed to swine or cattle, grinding or roll-flaking either dry or wet corn is 
preferred. Dry grinding of com permits easier blending with other ingredients 
but also improves conversion efficiency for swme (Beeson, 1972). Pelleting the 
mixed feed produces about 10% additional improvement in feed efficiency for 
swine (Jensen and Becker, J 965). The bulk of poultry feed is pelleted. Aside from 
the advantages of ease of handling and prevention of segregation of Ingredients, 
pelleted feeds give improved growth rate and feed improvement in poultry. Of all 
the oereals, corn shows the most improvement from pelleting (Allred et al, 1957). 

Feeding corn to feedlot beef cattle provides them a high-energy feed, 
especially for finishing. Dry roll-flaking the corn may produce an improvement 
of 2-3% in feed efficiency, but wet processing produces the greatest 
improvement, igh-moisture corn obtained by harvesting at 25-30% moisture 
content or by rewetting dry corn to that same moisture content (called 
reconstitute n) gives 2-695 improvement in feed efficiency (Hale, 1984). If the 
high-moisture corn is to be stored more than a few days, it must be treated with a 
preservative, preferably propionic acid, to prevent mold development (Hail et al, 
1974). Steam flaking, which involves a steam cooking step followed by roll* 
flaking toabulk density of 22-24 lb/ bu (28-3 1 kg/ hi), produce* a feed efficiency 
improvement of 6- 10%. However, energy costs must bo factored into the benefit 
calculation (Hale, 1984; Schnake, 1984). 

The composition of corn is given in Tables MIL 

TABLE! 

Cuammtcd ind Proximate Alifrtyfcm of Com WefrMWed By-Prp ducts* 
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well in pouttty and swh» *J- ^ ^ ^ vary widely due t« 
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although it is highly toxie at a level not much higher than the requirement level. 
Many soil* in the U.S. art deficient in this element, but some soils havean excess, 
causing "alkali disease" (Kubota and Alloway, 1971). Vitamin. B and selenium 
share in an antioxidant biologioal function (Oldfield, 1985). 

VI ANTKNUtWENTS 

Mycotoxins are metabolites produced by fungi that grow on corn kernels 
produced orVtored under adverse conditions (ShotweU, 1977^6 alsoChapte 
S) They art not a natural component of sound corn. When they are 
toxlclevels in com fed to animals, various disease (symptoms may 
which are very severe. Some of the symptoms of mycotoxicosis in animals art 
reduced growth, feed refusal, lowered resistance to certain *fo*¥™> 
reproductive failure, teralogenesis, and carcinogenesis. The most important 
SSSs causing economic losses in corn are anatoxins, zearalenone. 
trichoiheeenes, and ochratoxins (Hesseltine, 1979). • . . 

Of the mycotoxins, anatoxins arc the most serious threat to animal and 
humannuEn because they possess acute and subdidcal toxicity and carcmo- 
«X ^Poultry.especiallydwkllngsand turkey pouiu.youngsv/ine, pregnant 
SSs iS, and do# are highly susceptible. The toxin is excreted in the ^jlk 
Stun tog or -poor doing." liver damage, anorex.a. and depression «n common 
symptoms of anatoxin toxicosis, and the young of most animals re mow 
sWeptibletr^adulutoagivendosa^ 

hat generally encountered in the processing of grain. In; a ktontot? wet- 
Sn? procedure, all of the toxin was fo^o ta «^ led m Ih. steep 
liquor, fiber, gluten, and germ, in that order (Yahletal, 197 ). 

The U S. Food and Drug Administration established a 20-ppb action level for 
anatoxin in human food in about 1978. A periodic exemptto n all ows corn 
containing 20-100 P pb oraflatoxin to be shipped interstate, provided it is lo be 
fed solely to mature, nonlactating livestock. . . » . 

C?m contains only low levels of the natUrtl antinutnents trypsin and 
ehymotrypsin inhibitors. 

VII. CORN FEED BY-PRODUCTS FROM FOOD PROCESSES 

Three major processes are used lo manufacture rood products from com. 
These art the wet-milling and dry-milling processes and the com distilling 
process for bevemge alcohol. Fuel alcohol is produced by wet railling and by a 
dry milUngproccss. Approximately 1 ,065 million bushels (27 X \ f t) of corn was 
used in the United States by these throe industries during the 1984/85 crop year 
(USDA, 1986). The wet-milling industry was estimated to have used 74.6ft of 
this corn, including 14.1% for conversion to ethanoL Direct fermentatior, i of 
corn amounted to 8.45% for ethanol. About 14. 1% was used for f^ahn«ook^ 
food products and the dry-milling process for food and industrial uses. These 
uses accounted for about 15.2% of the 1984/85 disappearance of 7 0 9 8 ml lhon 
bushels (1 78 .2X 1 0 6 1) out of a total supply of 8,400.5 million bushels (2 J3.3 X 1 IT 
t) Analysts at the U.S. Department of Agriculture estimated the total U.S. corn 
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separated from starch by centrifuges, giving a stream containing 6*-72% (dry 
substance basis) total protein, which is dried to become 60% protein COM. Tne 
solubles removed from the corn during steeping are concentrated by 
evaporation and are called steej> liquor or condensed fermented corn 
extractives. The steep liquor, corn germ meal, and bran are separate components 
at this point in the process and may be processed and sold as separate products. 
Condensed fermented corn extractives are usually sold on a 50% solids basis. 
The com germ meal is also sold at times at a premium price over COP. Its 
absorptive properties and its good amino add content and balance render it a 
valued material for use as a carrier for micro-ingredients in formulated feed, but 
it is primarily a component in CGF. The com bran (fiber), corn germ meal, and 
condensed fermented corn extraotives are combined in the proportions obtained 
from the process to become CGF, which is marketed in a wet or dried form. In 
the dry form, it has a protein content of 21 .0%. These components may also be 
combined in special proportions to produce two other products: condensed 
fermented corn extractives with germ meal and bran, dehydrated (which is 
25-56% protein) and 10% protein corn gluten feed (the entire bran stream with 
nothing added). The bran can be sold in the wet Or dry state. 

Wet COF, containing a minimum 40% dry substance, is being marketed by 
some corn wet-milling processors. The primary reason is the high cost of energy 
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performance resulting from dietary protein that escapes digestion in the njmen, 
lm* to ibe abomJU, »d U then available/or di^oa in tl» lower gut 

Production of rumen total volatile fatty actds wis found to bei Imitar for 
JS2*Z and COP in filiated rteers fed a tot of cottonseed hulls and 
SKnUmounts of digestible nitrogeQ(Davi 8 a^Sttncup 1967). The CGF 
Sow in calcium (0.2%) and thiamine (2.2 mg/kfi) but high .n phosphorus 
(0 9%). The phytate phwphon* is readily available to the rumu»nt (Nelson, 
1976). Calcium supplementation is required to help roainta n a factory Ca-P 
ratio ofat least 1:1 forbeef and 1.5:1 for diary cows with high levels of COF dry 

'"'^VhenhSi levels of CGF dry matter, above 30-40%. are used In the total diet, 
it is desirable to supplement with thiamine w help prevent P«b*^ h !*£ 
malacia (polio), which Ucahsed by athiamine deficiency (Stfgmund, 1973). The 
SCh in the steeping process reduces the thiamine evel in the con idunng 
««pingwd therefore in the feed produced. It may also Interfere wth adequate 
thiamine synthesis in the rumen. , . • 

Sfcan be used in bifo quantities in beef cattle ^ovin g/ fatteni^ rations 
because of its high-energy dietary fiber content, high rale of digestibility, and 

* Sev^Sing trials have been conducted on the use of CGF in growing and. 
fattening beef cattle rations. The University of Illinois reported on feeding trials, 
evaluating both weL and dry CGF in balanced rations for growing and fattening 

TABLE VII 

Ute of Com Gluten Feed in Graving tad Fttttcnhife Steer Plata 



Dry Corn 
Cfnlcn Feed 



W c ( Corn Gluten Feed 



Conerol 35% S09t 35%- 50% n% 90ft 



Vrw 
0.7* 



Trial I* 

Daily pin> kg 

Daily feed, kg 

Feed/ gain 
Triair 

Daily gain, kg 

Daily feed, kg 

Feed/ gab 
Trial 3 f 

With 10% COf D silage 
Daily gain, kg 
Daily feed, kg 

Condemned liw, % 
Without com silage 
Daily gain 
Dally read 



1.24 
9.61 
.7.73 

U3 
8,13 
6.13 



1.24 
6.40 

11.8 



(0,42 
6.86 



1.46 
9.S2 
6.52 



1.35 
9M 
7.01 



Condemned tivcr. 96 



ua 

9.B0 
6-37 



1.34 

8.ao 

6.57 
14.7 

1.32 
8.53 
6.4B 
35.30 



1.27 
7.76 
6.13 



U.9 

8.57 
23.5 



1.26 
B.85 
7.04 



U2 
6.07 

32.40 



•Adapted from Firkins et ©1 (1985). 
b PerceniftMs of addition* 10 f«d are on dry substance basis. 
'Trial 1: 98-day, growing. 1 1 .5% crude protein, 275-kfi steers. 
'Trial 2: 113-day. finishing, 12.09& crude protein, 328*6 steers. 
'Trial 3; 150-day. finishing, 12.0% crude proUin, 326-kgsKers. 
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Item 



Trial I (tecue silage)* 
Daily gain, kg 
Intake, kg/ day 
Feed /gain 
Trial 2 (corn silage? 
Daily gain, kg 
intake, k$/ day 
Food /gain 



•Courtesy R. A. Da relay, 
^values im row Itint a re folio** 
"Values in a row ihat are followe 
'Ninety*** crossbred steers <203 
'Seventy-two crossbred ***** (*■ 
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Unman^d injable ^^^^^X^dep^ng feed lot 
^C^r^^ 

*£ougfa corn bran is not nou -» J^.^JS£iIthevriMorCOF. 
bfit* & fading matter in COP. 

Com bran (^^TTJSSSSb!^'^V of Ulinois todeterrmne 

Two feed Jot tnab were ^"f"* "J B U &nd ^hulls as energy source in 
the relative feeding valu • * °™ "Jg£XX « U 1985). The results are 
diets based on com; ^ « JJ^SKJ observed between ingredient 
Mjmmarized in Table Wit No intera ^J*^ wnt not different between 
level and energy source. Gain and dry mat** ^ ^ {e ^„ 

the control diet eo owning Jj^tfrt bran. Comparison of the 25 

ratio was poorer for soy hulls than »f^ 4 ^ e ,jja l *4u«l diet showed 
23 m iVv* of corn bran and W hjh » by increasing the 

little or no depression in P erfor . n « n< if. ft j^rmine whether com bran reduces 
A recul study has been conducted to ^J^™^ fieCn wiib com 
d* negative .^Uve effe^ o ^^^ rtfeedl gdnrf fatter. 
gupplementationjK opfertfteinetal ■ "»^ a ^ mcoban<la if a lfah a ylageraoon 
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TABLE VIII -ft^-iLr* 



pff.MflfEmrm Soartc b 

Corn _^>?!5!L-_5fLi^ 



EiTert or Enoicy 
Level 5 



U5 
5.56 n 



0.96 a 
5.91 n 
6.17 a 



U2b 
6.82 b 
5.16 b 
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suggest that a 25% com bran addition does not reduce fiber digestion and that 
the 50% level of bran does to some extent but not as much as corn dots, 

DAIRY CATTLE 

CGF has been fed to dairy cows probably longer than to any other species. 
Before the 1900s, the roilk^producing properties of CGF were recognized. Turk 
(1951) has summarized early feeding trials on the ability of CGF to replace such 
protein supplements as linseed meal, cottonseed meal peanut meal, and soybean 
meal in dairy rations composed of corn, oats, and wheat bran along with the 
roughages soybean and/or alfalfa hay and corn silage. A 1936 Connecticut 
experiment showed that a grain mixture containing 70% CGF had no efTeci on 
the titratablc acidity of milk, According to Turk (1951), the Cornell University 
Agricultural Experiment Station in 1943 studied the relative biological value of 
CGF and other protein sources in a simple grain mixture. In a total of 86 
lactations, averages of the results of five experiments showed no differences m 
milk production, palatability of the rations, or maintenance of body weight. In 
other Cornell experiments (1 944), 25 and 50% levels of CGF in the concentrate 
mixture were compared with the Cornell lest cow mixture. CGFfed at a level or 
as much as 50% of the concentrate did not decrease palatability; the mixtures 
were as efficient In producing milk as a more common mixture of farm-grown 
grains and by-product feeds and gave satisfactory jesUlts. 

CGF was found to be a substitute for copra meal aftd ground yellow corn in 
rations for lacuting dairy and Murrahcows; it can be a substitute also for copra 
meal in rations for growirigdairy heifers but cannot substitute for ground yellow 
com in radons for growing Murrah heifeis(aamohoy etal t 1968) 

The feeding value of Wet CGF for dairy heifers was studied by Jaster et al 
(1984) The wet CGF was ensiled in a plastic silo bag and showed good 
preservation and keeping qualities, as measured by changes in pH. temperature, 
and organic acid concentration. Heifers were fed the wet CGF lo determine ad 
libitum intake and were observed to consume 2.4% of their body weight in dry 
matter. The apparent digestibility of wet CGFdry matter was found to be 76.6%, 
compared to those of alfalfa haylage (60.7%), oatlage (53.3%), and sorghum- 
soybean silage (54.9%). Heifers consuming wet CGF also showed higher 
digestibility values for neutral detergent fiber (NDF), acid detergent fiber 
(ADf) lignio, hemicelluloses, and crude protem than when Fed the other feeds. 
In an 83-day performance feeding trial involving 64 dairy heifers (275 kg), weight 
fiain and body growth measurements Were distinctly superior for dairy heifers 
fed wet CGF than for those fed ajfalfa haylage (Table IX) and other forages. 
However, because of excessive body weightgain and mild diarrhea it was 
recommended that wet CGF not be fed frte choice as the sole feed to 
replacement dairy heifers. Other feeding studies with lacuting cows (Staples 
et al 1984) showed that when wet CGF was ensUed and fed with corn silage, a 
25-30% <dry matter basis) replacement of com grain with wet CGF gave best 

^TCe effect of the roughage^oncentrate ratio on milk production and changes 
in body weight is discussed by McCullOugh (1973). Mertens (1985) suggested 
that NDF and ADF contents and particle size of ingredients are related to 
energy content, filling effect, and chewing activity. The levels of wet CGF, on a 
dry matter basis, used in the above experimental radons significantly increased 
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the NDF and ADF content of the diet above that in the control ration. This 
could explain the Hnearreduction in milk production and loss in body weight at 
the highest levels of wet COP. The data suggest thai wet CGF may have a 

T °^£^^nti^S^i fat content has been observed by the author when 
dtherWor«>mbntn(^^^ 

iource of energy in a concentrate fed to Rotating cows. Similar results have been 
reported by Bmjens et al (1985). The ability of feeds containing CGF or bran to 
Eainorimp^veb^^ 
XandthehWlevelofd^^ 

rations containing com or hominy feed. Tnese high-energy, hj^h-dtetary-fiber 
ineredients can be used very advantageously to formulate high nutrient-density 
dairy concentrates that maintain or increase butter fat production without 
decreasing milk production. 

SA Th2 ME content of CGF for swine has been reported as 2,770 kcal (Yen et al, 
1974) and 2,730 kcal/kg of dry matter (Young et al, 1977). These ^ala compare 
avorably with the data in Table U. The estimated ME values were not 
sienificanUy affected by pelleting. The amino acid pattern for CGF is similar to 
thlit of corn-a good sour* o^^ 

essential amino acids lysine and tryptophan (Table III). CGF is a much better 
source of vitamins than is whole corn (Table II). As in com, the niacin present 
should be considered unavailable (Lagun* aiid Carpenter, 1951) 

The use of CGF in growing-fattening swme rations has been studied (Yen et al, 
1971' Hollis et al, 19S5). CGF may be used in 129Jrproieui corn-soy Hnishmg 
radons, replacingcorn as an energy source for up to 50% of the ration dry matter 
Sou siU*U *ff«*ng performance (Table X). The protein content wa 
Sowed to increased the level of CGF increased (Ytu l^Ai^i 
decrease in dally gain and gain-feed ratio was observed when CGF replaced up 
£ 30% of the corn in.a l6ft.pn.loD diet fed in meal form to growing pigs. 
Pelleting the diet, resulted in similar gains and gain-feed rauos a all levels 
However when CGF replaced corn and soybean meal m a U9H>rotein 
SK^dht. the daily gain, daily feed, and gained ratio were 
SStly depressed at the 20 and 30% levels of dry CGF, 1 was later 
demonstrated (Yen, 1 97 1) that the first limiting amino acid was tryptophan and 



TABLE IX 

Growth tnd Dry Miller Intake Of Dairy Hrifcn Fed AWH U*y*W 
or Wet Com Gluten Feed for S3 Pairs* 



Uttn 



Wet Com 
• Gluten Feed 



Dry matter intake, kg/ day 
Average daily g»»n t ktfday 
Increased heart girth, cm 
InortaMd bapht Ai wither*, etn 
Increased tmdy length, cm 



8>* 

0.45 

R.3 

4.2 

6.6 



8.4 
1.1 
19.1 
6.0 
9.1 



•Source: Jaster el al < 1984); vred by penni«sion. 
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the second was lysine at the 30% level of CGF in the diet. The data suggest that 
when CGF is used to replace corn and soybean meal on an Lsonitrogenous basis* 
a maximum 10% level of CGF should be nsed in finishing rations without 
tryptophan and lysine supplementation. 

The results of these trials indicate that the previously observed inefficient use 
of CGF by swine is not due to bulkinera and/ or unpalatability but primarily to 
amino acid deficiencies, especially to low tryptophan and lysine availability. 

Wet CGF is best fed to gestating sows because of their large intestinal capacity 
and relatively low daily nutrient requirements (Hollis ct al, 1985). However, 
because of its low dry matter and nutrient levels, the sow cannot consume 
enough nutrients from wet COF to meet her requirements, especially those for 
energy, calcium, available phosphorus, trace minerals, salt, vitamins, lysine, and 
tryptophan, DaUy intake should be monitored, and diet supplementation with 
additional sources of these nutrients is required even at the maximum intake of 
wet CGF by the sow. 

Feeding trials were also conducted on the feeding value of dried condensed 
fermented corn Solubles with germ meal and bran (dried steep liquor concentrate 
[DSLCJ) in swine rations (Harmon et al, 1975a, 1 975b). DSLC is a blend of steep 
liquor solids, corn germ meal, and some corn bran. This product contains MB of 
3,788 kcal/kg, dry basis, which is greater than that of corn and soybean meal 
(Cornelius ct al, 1 973), Lysine and tryptopha n in DSLC were found to be at too 
low a level for swine, as in CGF. When DSLC was the only amino acid 
supplement for corn in finishing pig diets, much lower gains and efficiency 
resulted. A com-PSLC diet designed to meet the lysine and tryptophan 
requirements could not be improved by addition of lysine or tryptophan alone 
but Was significantly improved when both amino acids were added (Harmon 
etal, 1975a, 1975b). 

Whon DSLC was used to provide up to 30% of the total lysine in the diet, 
performance of young pigs was equal to that of pigs receiving ft corn-soybean 
diet. For finishing pigs, DSLC could replace up to 36% of the total dietary lysine. 

POULTRY 

The use of CGF is limited in poultry feeds because of its low ME, lysine, and 
tryptophan content, but it is a good source of methionine and cystine. The l ¥ Iher 



TABLE X 

Pwfortwc? of Finishing S*faie Wbm Dry Com Gluten foe4 
RaplftCtt Com |n Ration (<l*day trttt))' 



Petwttof Pry Cora Gluten Fced b 



Kern 



Pfoieifl (estimated). % d 
Daily £ftin, kg 
Average daily feed, kg 
Gain/feed 



o e 


10 


It 


36 




13.35 


14.7 


1(5.05 


0.S8 


0.58 


0.61 


0.57 


XH 


2.17 


2.31 


2.19 


0.27 


0.27 


0.27 


025 



'Source; Yen ci al (1971): used by pcr/obslon. 
11 Each value ic an average for 10 pigs individually fed. Initial weight was 
47 kg. 

'71k corn-epy control diet contained 12% total protcio, 
fl Toial prolan content astirfaicd by jiuihor (N X 0-25), 
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rpfctioiT is reported to contain ME at a rate of 1 ,266 Iccal/kg and CGF to 
contain ME at 1,967 kcal/kg in the dry matter for chicks (Bayley et al, 1971). 
Corn steep liquor contain* ME at 3,110 kcal/kg on a dry matter basis for chicks 
(Anonymous* 1982a). The ME content of CGF appears to be somewhat 
variable, and the data suggest that the ME value may vary with the type of bird 

• and the ajnoant of soluble solids, CGF normally contains approximately 
25-35% corn soluble solids. Pelleting does not seem to affect the ME content of 
CGF for chickens or turkeys. CGF has a significant potential for use in 
commercial layer and breeder rations and" grower rations* where energy content 
is not as critical. 

In a Canadian experiment, CGF was used to replace meat meal in rations for 
growing chicks and laying and breeding birds containing no soybean meal 
(Slinger et al. 1 944). In rations for growing chicks CGF was * factory up to 
lB%of thediet, with an optimum at around 10%. With layers and breeders, CGF 
could be used in a mash to replace part of the meat meal on a protein equivalent 
basis up to 16%. The results reported are not surprising, since meat meal is also 
irmrsnal in tryptophan content Other experitneTxts with laymg hens have shown 
that CGF can be included at levels of 10- 15% of the diet without decreasing egg 
production 6r feed efficiency (Heiman, 196)). 

In the author^ experience, when CGF is used m balanced poultry diets at 
levels of up to 10-15% of the ration (assuming that the deficiency of energy, 
lvsine, tryptophan, and calcium and the poor availability of phyiin phosphorus 
and rdacin are recognized and corrected for), excellent results can be obtained 
for chick sinners, growers, and layer-broders (Wright, 1957) However its use 
in diets for broiler chickens is rare. The intermediate ME level of CGF for 
poultry generally gives it poor economic value as an ingredient in a Mgn- 
nulrient-density ration such as that for the broiler chicken or turkey. 

B. CORN GLUTEN MEAL 

CGM is the dehydrated protein stream resulting from starch separation (Fig. 
1). It has a high nutrient density and usually is sold containing a motmum i of 
60% total protein (Tables WII). U-is highly digesdble, contains ME of 4 t 131 

• kcal/kg of dry matter for the chick (slightly higher than corn ME), and is a rich 
tturwofavaiWc*^ 

dry matter basis). Its crude protein is highly digestible, a good source ot 
methionine and cystine, but very low in lysine and tryptophan. The amino acid 
pattern of soybean meal complements that of CGM very well, soybean protein 
being deficient in methionine and cystine but rich in lysine and tryptophan. 

The protein in CGM Is insoluble in wa»r and has high rumen bypass 
properties (Burroughs and TrenWe, 1978; Loerchetal, 1983; Stern etal, 1983). 1 
Usuperiort6 most other plant protein sources as measured Iby using a duodenal 
collection technique, which gives a relative bypass value of 2 compared to I for 
soybean meal (lUopfenstein ct al, 1985b). Tests indicate thai [W™^** 
57-60% of the protein will bypass the rumen, compared to about 25% ol tne 
protein in soybean meal. Methionine and lysine have been shown to be limiting 
in ruminant rations under various conditions because the protein synthesized by 
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ra men-active microorganisms is deficient in those two amino acids for cattle. 
This can be corrected by using COM as a source of bypass protein with another 
bypass protein that is high to lysine, such as soybean meal treated with 
' additional heat or an aldehyde source, alfalfa meal, blood meal, meat meal, etc. 
The economics of using bypass protein sources plus nonprotein nitrogen 
sources, such as urea, is often quite favorable in comparison to using all native 
protein sources. . 

Rumen-degradable protein is needed because tho carbon chains from 
carbohydrates and the nitrogen from ammonia sources serve mostly as the 
foundation for amino acid synthesis by rumen-active microorganisms. 
However, certain amino adds or their branched-chain volatile fatty acid 
precursors may not be produced In sufficient quantity to provide maximum 
protein synthesis when bypass protein is fed (Dehority et al, 1958). Corn steep 
liquor solids are an excellent high-energy source of the soluble branched-chaln 
amino acids and other amino acids thai are readily available to the rumen 
organisms for protein synthesis (Wright, 1981). 

POULTRY „ t . • ». » 

The high nutrient density, ME, and content of sulfur-bearmg amino acids and 
xanthophyll of CGM makes this product a highly desirable poultry feed 
ingredient. These factors often make CGM more valuable than soybean meal on 
a protein-cost basis. T*e high nutrient density of CGM is taken advantage of m 
ma ny well-balanced broiler feeds with high energy content, and it can be used at 
a 10% level or more. . 

Many studies have been conducted on the bioavailability of xanthophyils in 
CGM for pigmentation of poultry s\dn and egg yolks (Marusicb and Wilgus, 
1968; Halloran, 1970). CGM is often used in layer diets as a source of nutrients 
and for its available KanthophyH content for egg yolk coloration. 

The source of com, and the length of time it has been stored at the time of 
milling, effect the amount of xanthophyll in CGM (Tables V and VI). The peak 
level is reached during the period from November to January. Later in the 
year when a substantial amount of corn comes out of storage, a marked 
reduction in the average carotene and xanthophyll contents of CGM made from 
this corn can be expected, Because xanthophyll is unstable, the xanthophyll 
content of CGM and other sources being used must be monitored on a shipment 
basis to help ensure a unif6nn degree of pigmentation in the skin or eggs. 

The high digestibility of CGM makes this ingredient desirable for use in pet 
foods, especially where low-residue diets are desired or required. 

C. Condensed Fermented Cora EKtr*ctiY«s (Steep Liquor) 

Corn steep liquor is known officially (AAFCO, 1986) as "condensed 
fermented corn extractives/ It is the concentrated solubles obtained from the 
com steeping process (Fig. 1). Its solids are rich in organic nitrogen (44-46% 
protein on a dry matter basis). About half the nitrogen is present as free amino 
acids* the balance exists as small peptides with very little intact protein 
{Christiansen et al T 1965). It contains relatively high levels of several lmportani 
vitamins, trace elements, and lactic acid. The lactic acid (10-30%, dry basis) is 
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B. Hominy Feed 

A. typical yield of hominy feed is 35% of corn input, including germ expellor 
cake (Brekke, 1970). Composition of a typical bominy feed is given in Tables XV 
and XVI. Since oil yield by expelling I* only 196 and by extraction only about 
1,25%, much oil remains with hominy feed in any processing configuration. A 
towTat product called solvent-extracted hominy feed is also produced. 

Hominy feed normally contains about 10.4% protein, 6.9% fat, 6,0% fiber, 
20% total (dietary) fiber, and 2,896 kca! of ME per kilogram for poultry on an 
"as fed* basis (Tables XV and XVI). Many of the uses of hominy feed are similar 
to those of CGR The product is generally lower in protein, higher in fat, and 
much higher in starch than CGF. AH the water-soluble substances are present 
because no water extraction is involved in the process, The removal of most Df 
the fat by expelling or solvent extraction slightly Increases the protein, starch, 
and fiber contents but decreases the fat and MB contents of hominy feed. 

Nutritionally, hominy feed resembles whole corn in some respects and can 
replace some corn in rations. It has a lower bulk.density and less starch but more 
protein, fat, and fiber than whole corn. The ME content for ruminants is 3,740 
compared to 3,420 kcal/kg for corn on a dry basis. As.whh CGF and the 
distiller's feeds, the starch and the cellulose and hemicellulose in the bran are 
highly digestible by ruminants. 

Poultry utilise the product less efficiently than corn, primarily because of its 
lower starch and higher celluose and hemicellulose contents. These are partially 
offset by a higher oil content. Poultry derive approximately 3 ,208 kcal of ME per 
kilogram on a dry matter basis from hominy feed compared to 3,818 kcal/kg 

from corn. , rr a 

Hominy feed is used widely in dairy feeds because of Us high level of fat and 
high available energy for ruminants. This ingredient is a good substitute for com 
in rations for beef caitle and swine. In fattening rations for swine, if a product 
With a high fat content is used, a possi bit concern may be its tendency to produce 
soft pork when used at high levels, because of a higher level of polyunsaturated 
fat intake (Morrison, 1956). In properly balanced rations, hbminy foed can be 
used satisfactorily to replace a portion of the corn or mijo in venous poultry 
rations. 
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